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research fi»m *. UCCVBioR.se.rch Ireland (BRI) probiotic re»«rch propm UCC i. . ^ 
«r,,,i.«.4.rivedfton.8ov«»«».gr»,«anaindusu,c0,»ac.,..heu«crpri,nar..yw^^ 

Office Action dated December 6, 2005. 

4 MMcareaarpages 6.,of.h.O«i« AcUo«,*.E»,ni«rr^edc,ei,r.56^2»d 
,2 88asar«icipa.edbyo,obvlou.ov«WS6m504(C»di««^).TheEK.™»r 

:::::a:7,.:c.v.ere.-.-c^«APP.-'.c-^^^ 

Cavaliercetal ne.cbesider,«c.lb««H.l>Wi"(»)««^""P°«»°"'^*~ 

ATrriS697wttch are charactenzed by Identical 

ATCC 15707 and J9iyi<Aj*acter/wni/?/iiwWATCC 15697 vracn are 

:^Ucsa„l-,s«-„.™«*.-on^^^^^ 

™* idemicJ .0 the Mnurrs of Cevaliere et al, d.e diffe"-«>« l»Weeh th« »tacb « d>Klo«(> » 
It^TJlled^soshsh.th.thcre.^nc^i^icr.^^-U'-'y";'^^^ 
rlch«»«.isac,..«»c.«,.edstr.i„.TheE»n.nerconc.tu...«.hed^^ 

r«»o..^»wHh.b,«r»«ou.dh.v.been«bvio„s.o.hos. 

5 ,an,ptovidtogr«uteof«orlccoMuc.edin.»y.abor«orybyDrBaAaraSh«l 

r»«ked.ydi«^flo»App«c«.-3s.r«„(NC.MB41003,a.soref^edtoasB.n624X 

^1 ^^oim^>«^^^^^^^^''^''''°^ 
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cell Response .„ Bi«d<.ba««i." Predated .her. are r«ul.s of a peript^ blood mono^Kle. 
!Ic.™uI«..^»^AppHc««.c-=i«.as«.«o.ev»«..prod^^^ 

„ «iti-loflamiiiao.y cytokine. >^ 'vf'"^ 

«i.„Lof.L.10b,ATCC.5707(p<0.05,. A" *0™ U, Fi^ ^ «™U^^ of ^ep^ 

. L.- Ti 1 ? hv ATCC 15707 is greater than stimulation of E-12 by NCIMB 
inflainmatoiycytokiiieIH2byAJCC » nxfrTURHiif 

4,003 (Bif3S624)(p<0.05,..nftc,ATCC,5707^»^n^^.2p™au«on^^^ 

■^^l^p^ofofthcdifferem— 0«..<>.y.«^<rf*»C.v^^ 
^Na^»4,003CBif35624)«p^es««edi„Fi^4ofE-»^*2.wbicbfl^^ 

^ ,0 .heir respective effe«. o„ producion of *e p™«»»«««y ^"'"'^ 
L-*ooofTNF.p.d„c.o„byNC,K«4,003(Blf35«4)is..n^«.U,.«^ 

by ekber of C^aliere « al. strata (p<0.05 in eaoh case). As sbov™. ^ ATCC 

l^gbt e«^ 0. P«.d.«io. The ^ stratas of Cavaliere e, al. are clearly drfferen. ^ 

NCIMB410(Binl«i»»of'W»i'»P<«««*'»™'«*'''°^'^^ 

Y« STther proof of the differences between the CaveUere e. al. strams and NCIMB 
41003 (Bif35624)isp.««ntedinFig.«40fE.bibit2. As shovm, the ratio of a«H 

rilr,oy.L(rU.O).op,<.infla.n,.»"yoy.c«.>e 

J J ATCC 15707 or ATCC 15697. Abacterial Strain 

NCIMB 41003 (Bif 35624) than for either ATCC 157U / or aiv.v. 
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of «vi^u-s in who»*er.Uac^oW™imb..a»ce(»«^^^^^ 

Lbo,h«^induoesisnmc.«ts«r«i».of*.p«-ta<^m«o,,^^ 
fi«h«, ATCC .5707 does ^ Wu« -ffid«t «^ »f IWO. »»«Hnfl»n««o,y 

cytokine. 

5 F^nher =vidc»« of dift«.nc« bet«ee.fte «r«m of Cvalier. 
5«4)lH,ao««.s,o,e„.of.-«irge.o™«.S„bs.^«*«o*c-d«.o^^ 

Dr*,LMacSh«.,«.GxatamSher>ocUhow.d.h.. sequences pr«».b8™»^^ 
NC^ (B. »56^) w«. no. pres* in eitK. ATCC 15707 or AT« 156,7, 3. 

«l«»,a^:pH»««»..ped«cre^n«i..in.heKCIN»(Bir356.4,s«»=»^ 

ZTo^d on a Ho».v„. PCK product (.pprox. 500 b.. pans .n « «^ 

Z.,«NCB^(Bif35624)>».*o„i^«ATCC.57„7«.ATCC,5^do„o.o™^n 

J™ r^ognized in NCIMB (Bif 35*24). W Lanes 5-7: PCR pn.^^ 
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o^^eddve »hieh Is fU«her evidence *..*e ,eno» ^Om (Bif 35624) i, 

diife«« ftom ttal ofATCC 15707 ^ ATCC 15697. 

y TheEx«„in«as«rt.«.v.„it.heolain,eds.MnUCC35624U»o.ide«io,l«^ 

rr;t««s»-»s<.C.va.ie....a..,>«..re.Uy---^^^^ 
*«i.vie„ofU«s««*.«c«ri*.wHcKa»yhav.bee„.howa.o^^^^^ 

eff^ (Om«»«on,pag.s7.,). A, *>»s«d *ov.. fte «r»M of Ca«,.e« « »d 
NCIKffl41«03(Bif35624)«»«k.dl,difi^i.**i™»-«»*-'»^^^^^ 

j sl»wn by AppUc-'s »sess™e.«. differ markedly amor, * 
SiL^*.--^- (a..e.«30or.ored».c«nzed .pea.. ..A 

^7in»»er-..es.rain..I."now..«..K»ein*e«e,d.ha.U,e*»^ 
!^'^^<^-.«a««™.=dby™»yi.fluenccs,s„ch.d«,o».«ft-^^^^ 

S^;.inBe.Bey-.M»-.ofS,s«..^B.c«rto.os,P...H..^e.^^ 

(E 194b <h™ feces of a. «talt (Reuler 1971) and Type s«ar» ATCC 15697 (S12 *om 

15707 and ATCC 15697 «prese« ^» h.™- coa«a of .h. dis«. large bowel (coloa). 
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1. cc^ Applic«.fs 5™nNCIMB 41003 (Bif 35624) adher™. to Ih. berth, 
t™« of «. taSvidu^ with 00 

rToLtr^t, LEx»i,«r .pp-r, ,0 conclude, that th. stral. of Ch=n « a,. « .denuc.1 to 
NCIMB41003 |«c««««toW»dNCIMB41003belong,oti«^egc»us _ 

OfficcUo. pageW A,aiso»«dtait«n7abov^fl«.«e«».yspeces(a,lcas.30ormorc 

Zrr^pls within th. g«.u. */id^«^ i— 

nrJiJin.vidu.».h».«.t.w..ohea..«n^».^V"-^^«^^^ 

La«aeri«d..ndo,hc,f^s»ch.a.b.die..««ihio.ioin.-«».i««»«»-^ 
rintral*;n.who.««,a,eoWn«l. A...sodi»»sedini.«n7. AppUca^haaahowo 

,p,ovid.herc(Bdubi.4)«.d,Uo..le«d«ceofdi«^-be.w«ot.^^^^^ 
^ofLe,..andApp.ica«.NC>MB4.003(t..^.oi.T.h....00f^4^^^^^^ 

^35.24), »n,ica,cha™c..isUc,of..*»^^.«^^ 
6368591 Ph,sicochemicalcharacteris.iesofth=6-l«m««KlNCIMB4)003a«d«rty 
dZI»».^w.h,d«ap«sentedin.h=Pi..».d Table ^OofExMhi..Ph,.^^ 
micaofthe*.. ..«in».dNaMB4.003 diff.ina.ie.«^«>*»B«n..^of 
*ei, oartohydnta utiliz«ion profiles. The cart,ohydn« utdization profile, of thetwo 

U„i,/l».6.1«,«n»,derCCTCCN™berM98003i„.h=Peop.e'sRep„b..cofCta«. 

^;r.tT,p.C..t„r.CoU«.io.W„h..P...Ch.a. ^7-— ^ 

obt.i.d..str»,...ism,u.de«..n«.g'J».tft^*»^-''--'**°"'^."^^^ 
l,dbe,^»..y.o.,ecipie«wi«^.heP«H,l.-sR^b,icofCb™.od,snotav^^^^ 

fiomCCTCCfbr.hip™e«.o«cipi«>u«,tsideth«coon.r,.Iherefor^Hw.,^ 
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• ^.1,. «fr,m of Chen et al. andNClMB 41003 (B. infantisZSm. 
canv out a direct companson of the strain otCDeneiai.<u 

canyouiau r ♦ nhvsicocheimcal charactenstics of A 

However, the conditions under which assessment of the physicocheimca 

^:;L5:iwascarriedoutbyChenetai.(resuItinsinthedatap^^^^^^^^ 

irpate«t)wererep«>ducedinmylabor^oryandthecarbohydrateut,I^^^^^ 
enl.|»Kiiiiwa» V ......hrjis. the Strain bemg assessed WM 

NOMB 41003 (B. ftiMiJ 35624) was detem..ned. to each case, the strain oe « 
!^«d<,„l«eddeMannRcgo,aSha.p.(N««)a8.'P'-Mn»h.cU«*^ 

Z^. A.I».i..he«^«.di~T->....0.NC.N«(i*.<^»«'^35«4,^o„.^^ 
rsug.r.e,=e,«*ue«,se.Ugre«o.««.i.co,,.aini.g«chof.he«ve.sa^l.««^^ 

ro(^h«os.n>»»»s..-.u«a^»uc«..e).-co.-^«^«'^^^^^^ 

0 The Enammer concludes that the Clieoeiai. pun™™ . „ j,^ 

.. _ • o r„„™»«mm 6-1 and that the 6-1 stiam "produces 
ga,„sS!ffrfo6«^ttrt™inch.dingstrMB.ta?ws«i«>6'»°™ • «™ii™.d«m.ses 
Lunoiodulatoty effect, upon oral consumption 0, re^«« — »>0S» <^ ^ 
Zlal level of cytoMneexpressionM. .4, lines 43-60) See 0«ce .CO. page 
, n:!.Chene.rdescHheresu.tsorad..nlste.ngonl,an.icro.co«^^^ 

^udesat leas, three mic^^sms. one of «Uchis*I^a«^ 
jUa>s»o«ofgivi^i>.i««-'«^»«-'"'°"«<»*'*'^°'*''"^^ 

;l,J«„iJ,n.o.nodul-o.,.ffec,s)of*.X.^s.r.i"«-^^ 

of „ leas, addidona. nticoorganis-ns). The teachings of .he Chen e. a, p«e« do not 

^theE^ntiner-sdescdpti^ofthe characteristics of B.I<>^".s.«»«-'^ 
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I d»!«e that all statements mi. herd, of my ow« knowledge a« true «k1 th« aU 
o«d.»Wonn«ton»d belief ate believed to be tn,^».diM«.fl« 
^e,«,v«,.,>»d.^fl»taowledgetl».winM&lse«.eme,.sandthel,k.».n«^ 
^«..b,<ine.rtapHso.»nc«,o,bo*,«.det8.00. ofUtle « of the U^ed State. Co^ 

andfl«.su*wUlfblM«a3.»a««.™yi«0P-to*-«*<>7*°™^''°^""^ 
any patent or appUcation related thereto. 
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Tablel.0 



Compftrison qI Physiochemical diam^nbtics of B^longan 6-1 and B,iiifanils 35624 



Strain Chanieterisdcft BMngumM, Riftfimtls2S624 

Gram Stain + -f- 
Motility 

Milk coagulation + + 
CHO Pennentation: 

Glucose + + 

Lactose + + 

Mamose - + 

Maltose + 

Sucrose - + 
45^C anaerobic culture 
45°C aerobic culture 
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REVIEW 



Host-Bacterial Mutualism 
in the Human Intestine 



Fredrik Backhed,* Ruth E. ley* Justin L. Sonnenburg, Daniel A. Peterson, Jeffrey I. Gordonf 



The distal human intestine represents an anaerobic bioreactor programmed with an 
enormous population of bacteria, dominated by relatively few divisions that are 
highly diverse at the strain/subspecies level. This microbiota and its collective ge- 
nomes (microbiome) provide us with genetic and metabolic attributes we have not 
been required to evolve on our own, including the ability to harvest otherwise 
inaccessible nutrients. New studies are revealing how the gut microbiota has co- 
evolved with us and how it manipulates and complements our biology in ways that 
are mutually beneficial. We are also starting to understand how certain keystone 
members of the microbiota operate to maintain the stability and functional adapt- 
ability of this microbial organ. 



The adult human intestine is home to an al- 
most inconceivable number of microorga- 
nisms. The size of the population — up to 100 
trillion — far exceeds that of all other micro- 
bial communities associated with the body's 
surfaces and is —10 times greater than the 
total number of our somatic and germ cells 
(7). Thus, it seems appropriate to view 
ourselves as a composite of many species 
and our genetic landscape as an amalgam of 
genes embedded in our Homo sapiens 
genome and in the genomes of our affiliated 
microbial partners (the microbiome). 

Our gut microbiota can be pictured as a 
microbial organ placed within a host organ: 
It is composed of different cell lineages with 
a capacity to communicate with one another 
and the host; it consumes, stores, and redis- 
tributes energy; it mediates physiologically 
important chemical transformations; and it 
can maintain and repair itself through self- 
replication. The gut microbiome, which may 
contain >I00 times the number of genes in 
our genome, endows us with functional 
features that we have not had to evolve 
ourselves. 

Our relationship with components of this 
microbiota is often described as commensal 
(one partner benefits and the other is appar- 
ently unaffected) as opposed to mutual istic 
(both partners experience increased fitness). 
However, use of the term commensal gener- 
ally reflects our lack of knowledge, or at least 
an agnostic (noncommittal) attitude about the 
contributions of most citizens of this microbi- 
al society to our own fitness or the fitness of 
other community members. 

The guts of ruminants and termites are well- 
studied examples of bioreactors "programmed" 
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with anaerobic bacteria charged with the task 
of breaking down ingested polysaccharides, 
the most abundant biological polymer on our 
planet, and fermenting the resulting monosac- 
charide soup to short-chain fatty acids. In these 
mutualistic relationships, the hosts gain carbon 
and energy, and their microbes are provided 
with a rich buffet of glycans and a protected 
anoxic environment (2). Our distal intestine 
is also an anaerobic bioreactor that harbors 
the majority of our gut microorganisms; they 
degrade a varied menu of otherwise indigest- 
ible polysaccharides, including plant-derived 
pectin, cellulose, hemicellulose, and resistant 
starches. 

Microbiologists from Louis Pasteur and 
Ilya Mechnikov to present-day scientists have 
emphasized the importance of understanding 
the contributions of this microbiota to human 
health (and disease). Experimental and com- 
putational tools are now in hand to compre- 
hensively characterize the nature of microbial 
diversity in the gut, the genomic features of 
its keystone members, the operating principles 
that underiie the nutrient foraging and sharing 
behaviors of these organisms, the mechanisms 
that ensure the adaptability and robustness of 
this system, and the physiological benefits we 
accrue fi-om this mutualistic relationship. This 
Review aims to illustrate these points and 
highlight some future challenges for the field. 

Microbial Diversity in the Human Cut 
Bioreactor 

The adult human gastrointestinal (GI) tract 
contains all three domains of life — bacteria, 
archaea, and eukarya. Bacteria living in the 
human gut achieve the highest cell densities 
recorded for any ecosystem (i). Nonetheless, 
diversity at the division level (superkingdom 
or deep evolutionary lineage) is among the 
lowest (4); only 8 of the 55 known bacterial 
divisions have been identified to date (Fig. 1 A), 
and of these, 5 are rare. The divisions that 
dominate — the Cytophaga-Flavobacterium- 



Bacteroides (CFB) (e.g., the genus Bacteroides) 
and the Firmicutes (e.g., the genera Clostridium 
and Eubactenum)—each comprise ~30% of 
bacteria in feces and the mucus overlying the 
intestinal epithelium. Proteobacteria are com- 
mon but usually not dominant (5). In com- 
parison, soil (the terrestrial biosphere's GI 
tract, where degradation of organic matter 
occurs) can contain 20 or more bacterial 
divisions (6). 

Our knowledge of the composition of the 
adult gut microbiota stems from culture-based 
studies (7), and more recently from culture- 
independent molecular phylogenetic approaches 
based on sequencing bacterial ribosomal RNA 
(165 rRNA) genes. Of the >200,000 rRNA 
gene sequences currently in GenBank, only 
1S22 are annotated as being derived from the 
human gut; 1689 represent uncultured bacte- 
ria, rRNA sequences can be clustered into 
relatedness groups based on their percent se- 
quence identity. Cutoffs of 95 and 98% iden- 
tity are used commonly to delimit genera and 
species, respectively. Although these values 
are somewhat arbitrary and the terms *'genus" 
and "species" are not precisely defined for 
microbes, we use them here to frame a view of 
human gut microbial ecology. When the se- 
quences (n - 495 greater than 900 base pairs) 
are clustered into species, and a diversity 
estimate model is applied, a value of ~800 
species is obtained (Fig. 2). If the analysis is 
adjusted to estimate strain number (unique se- 
quence types), a value of >7000 is obtained 
(Fig. 2). Thus, the gut microbiota, which ap- 
pears to be tremendously diverse at the strain 
and subspecies level, can be visualized as a 
grove of eight palm trees (divisions) with 
deeply divergent lineages represented by the 
fan(s) of closely related bacteria at the very 
top of each tree trunk. 

Diversity present in the GI tract appears 
to be the result of strong host selection and 
coevolution. For example, members of the 
CFB division that are predominantly asso- 
ciated with mammals appear to be the most 
derived (i.e., farthest away from the common 
ancestor of the division), indicating that they 
underwent accelerated evolution once they 
adopted a mutualistic lifestyle. Moreover, a 
survey of GenBank reveals that several sub- 
groups in CFB are distributed among differ- 
ent mammalian species (Fig. IB), suggesting 
that the CFB-mammal symbiosis is ancient 
and that distinct subgroups coevolved with 
their hosts. 
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Fig. 1. Representation of the diversity of bacteria in the human intestine. (A) 
PJ^ogenetic tree of the domain bacteria based on 8903 representative 165 
rRNA gene sequences. Wedges represent divisions (superkingdoms): Those 
numerically abundant in the human gut are red, rare divisions are green, and 
undetected are Wack. Wedge length is a measure of evolutionary distance from 
the common ancestor. (B) Phylogenetic tree of the CFB division based on 1561 
sequences from CenBank (>900 nucleotides) and their ecological context 
Wedges, major subgroups of CFB; symbols, source of the sequences [Earth, 
environmental; cow, ruminants; rodent rat and/or mouse; person, human CI 
tract; others are temiite, cockroach, wonm (including hydrothemial), and pig]. 
Ratios are the number of sequences represented in the human gut relative to 



the total number in the subgroup; red. yellow, and black indicate majority, 
minority, and absence of sequences represented in human C! tract, respectively. 
(C) Phylogenetic (parsimony) tree of Bacteroides. Strains classified as B. 
thetaiotaomicron based on phenotype are in red; 165 rRNA analysis did not 
confimi this classification for all strains. Bacteroides spp. with sequenced 
genomes are in bold. Black circles indicate nodes with high (>70%) bootstrap 
support [41). Scale bars indicate the degree of diversity (evolutionary distance) 
within a division or subgroup [(A) and (B), respectively] in terms of the frartion of 
the 165 rRNA nucleotides that differ between member sequences; in (C), the 
evolutionary distance between organisms is read along branch lengths, where 
scale indicates number of changes in 16S rRNA nucleotide composition. 
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The structure and composition of the gut 
microbiota reflect natural selection at two 
levels: at the microbial level, where lifestyle 
strategies (e.g., growth rate and substrate 
utilization patterns) affect the fitness of individ- 
ual bacteria in a competitive ensemble; and at 
the host level, where suboptimal functionality 
of the microbial ensemble can reduce host 
fitness. Microbial consortia whose integrated 
activities result in a cost to the host will result 
in fewer hosts, thereby causing loss of their 
own habitat. Conversely, microbial consortia 
that promote host fitness will create more hab- 
itats. Thus, the diversity found within the 
human GI tract, namely, a few divisions rep- 
resented by very tight clusters of related bac- 
teria, may reflect strong host selection for 
specific bacteria whose emergent collective 
behavior is beneficial to the host. This hypoth- 
esis has two important implications: (i) A 
mechanism exists to promote cooperation, and 
(ii) the structure promotes functional stability 
of the gut ecosystem. 

To benefit the host, bacteria must be or- 
ganized in a trophic structure (food web) that 
aids in breaking down nutrients and provides 
the host with energetic substrates. Cooperative 
behavior that imposes a cost to the individual 
while benefiting the community can emerge 
within groups of bacteria (8) and can be main- 
tained by group selection as long as consortia 
are isolated and new consortia form periodi- 
cally (e.g., new GI tracts). Furthemiore, selec- 
tion must act simultaneously at multiple levels 
of biological organization (P). These criteria 
are met in the human GI tract where new acts 
of colonization occur at birth, with a small 
founding population of noncheaters from the 
mother, and selection occurs both at the mi- 
crobial and host level. 

Diversity is generally thought to be desir- 
able for ecosystem stability (10). One im- 
portant way diversity can confer resilience is 
through a wide repertoire of responses to stress 
[referred to as the insurance hypothesis (//)], 
In man-made anaerobic bioreactors used to 
treat wastewater (a system analogous to the 
gut but where no host selection occurs), rates 
of substrate degradation can remain constant, 
whereas bacterial populations fluctuate chaot- 
ically as a result of blooms of subpopulations 
(/2). Functional redundancy in the microbial 
community ensures that key processes are un- 
affected by such changes in diversity (13). By 
contrast, in the human gut, populations are 
remarkably stable within individuals (14), 
implying that mechanisms exist to suppress 
blooms of subpopulations and/or to promote 
the abundance of desirable bacteria. A study 
of adult monozygotic twins living apart and 
their marital partners has emphasized the po- 
tential dominance of host genotype over diet 
in determining microbial composition of the 
gut bioreactor (15), The role of the immune 
system in defining diversity and suppressing 



subpopulation blooms remains to be defined. 
One likely mediator of bacterial selection is 
secretory immunoglobulin A (16). 

The human gut is faced with a paradox: 
How can functional redundancy be maintained 
in a system with low diversity (few divisions 
of bacteria), and how can such a system with- 
stand selective sweeps in the form of, for ex- 
ample, phage attacks? [The estimated 1200 
viral genotypes in human feces (17) suggest 
that phage attack is a powerful shaper of the 
gut's microbial genetic landscape (75, 19)], 
Enough diversity of genome and transcrip- 
tome must be represented at the subspecies 
level to lend resilience to the gut ecosystem. 
Ecological studies of macroecosystems have 
shown that less diversity is required to main- 
tain stability if individual species themselves 
have a wide repertoire of responses (11). In the 
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Fig. 2. Taxon richness estimates for bacteria in 
the human CI tract. Taxon richness estimates 
(41) for varying levels of 165 rRNA sequence 
identity, ranging from below the "genus" level 
(95% identity), to the "species" level (98% iden- 
tity), to the strain level (unique sequences). 
Estimates are based on sequences available in 
GenBank. annotated as derived from the 
human GI tract, after alignment and clustering 
into taxonomic units ranging from 80 to 100% 
identity (41). 

following section we discuss recent genome- 
based studies exploring how a presumed key- 
stone bacterial species in our gut is able to 
adapt to (i) changing dietary conditions in 
ways that should stabilize the microbiota*s 
food web and (ii) changing immune and phage 
selective pressures in ways that should stabi- 
lize the ecosystem. 

Bacteroides thetalotaomicron — Highly 
Adaptive Clycophile 

Bacteroides thetaiotaomicron is a prominent 
mutualist in the distal intestinal habitat of 
adult humans. It is a very successful glyco- 

phile whose prodigious capacity for digesting 
otherwise indigestible dietary polysaccharides 
is reflected in the fully sequenced 6.3-Mb ge- 
nome of the type strain (ATCC 29148; orig- 
inally isolated from the feces of a healthy 



adult human) (20). Its "glycobiome" contains 
the largest ensemble of genes involved in ac- 
quiring and metabolizing carbohydrates yet 
reported for a sequenced bacterium, including 
163 paralogs of two outer membrane proteins 
(SusC and SusD) that bind and import starch 
(27), 226 predicted glycoside hydrolases, and 
1 5 polysaccharide lyases (22). By contrast, our 
2.85-Gb genome only contains 98 known or 
putative glycoside hydrolases and is deficient 
in the enzyme activities required for degrada- 
tion of xylan-, pectin-, and arabinose-containing 
polysaccharides that are common components 
of dietary fiber [we have one predicted enzyme 
versus 64 in B. thetaiotaomicron (table SI)]. 

The carbohydrate foraging behavior of B, 
thetaiotaomicron has been characterized dur- 
ing its residency in the distal intestines (ceca) 
of gnotobiotic mice colonized exclusively with 
this anaerobe (23). Scanning electron micros- 
copy studies of the intestines of mice main- 
tained on a standard high-polysaccharide chow 
diet, containing xylose, galactose, arabinose, 
and glucose as its principal monosaccharide 
components, revealed communities of bacte- 
ria assembled on small undigested or par- 
tially digested food particles, shed elements 
of the mucus gel layer, and exfoliated epi- 
thelial lining cells (23). Whole-genome tran- 
scriptional profiling of B. thetaiotaomicron 
(23) disclosed that this diet was associated 
with selective up-regulation of a subset of 
SusC and SusD paralogs, a subset of glycoside 
hydrolases (e.g., xylanases, arabinosidases, and 
pectate lyase), as well as genes encoding en- 
zymes involved in delivering the products of 
mannose, galactose, and glucose to the glyco- 
lytic pathway and arabinose and xylose to the 
pentose phosphate pathway. In contrast, a sim- 
ple sugar (glucose and sucrose) diet devoid of 
polysaccharides led to increased expression of 
a different subset of SusC and SusD paralogs, 
glycoside hydrolases involved in retrieving 
carbohydrates fi"om mucus glycans, as well as 
enzymes that remove modifications that make 
these host glycans otherwise resistant to deg- 
radation (0-acetylation of sialic acids and 
sulfation of glycosoaminoglycans) (23). 

These findings provide insights about 
how functional diversity and adaptability are 
achieved by a prominent member of the human 
colonic microbiota (Fig. 3). Dining occurs on 
particulate nutrient scaffolds (food particles, 
shed mucus, and/or exfoliated epithelial cells). 
For a bacterium such as B. thetaiotaomicron, 
which lacks adhesive organelles, seating at the 
"dining table*' is determined in part by the 
repertoire of glycan-specific outer membrane- 
binding proteins it produces, and this reper- 
toire is itself shaped by the menu of available 
glycans (23). Attachment to nutrient plat- 
forms helps avoid washout from the intestinal 
bioreactor, in much the same way as dense, 
well -settling, granular biofilms help oppose 
elimination from engineered (man-made) an- 
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aerobic upflow bioreactors (24). Attachment 
also presumably increases the efficiency of 
oligo- and monosaccharide harvest by adapt- 
ive ly expressed bacterial glycoside hydrolases 
and their subsequent distribution to other mem- 
bers of the microbiota whose niche overlaps 
that of B. thetaiotaomicron. In this conceptual- 
ization, microbial nutrient metabolism along 
the length of the intestine is a summation of 
myriad selfish and syntrophic relationships ex- 
pressed by inhabitants of 
these nutrient platforms. 
Diversity in these micro- 
habitats and mutualistic 
cooperation among their 
component species (includ- 
ing the degree to which 
sanctions must be applied 
against cheats) are reflec- 
tions of a dynamic interplay 
between the available nu- 
trient foundation and the 
degree of flexible forag- 
ing (niche breadth) ex- 
pressed by microhabitat 
residents. Bacteroides 
spp,, such as B. thetaio- 
taomicron, impart stabil- 
ity to the gut ecosystem by 
having the capacity to turn 
to host polysaccharides 
when dietary polysaccha- 
rides become scarce. The 
highly variable outer chain 
structures of mucus and 
epithelial cell surface gly- 
cans are influenced by 
host genotype and by mi- 
crobial regulation of host 
glycosyltransferase gene 
expression. Coevolution 
of host glycan diversity 
and a large collection of 
microbial glycoside hydro- 
lases that are regulated by 
nutrient availability pro- 
vides insurance that the 
"system" (microbiota and 
host) can rapidly and effi- 
ciently respond to changes 
in the diet, and maximize 
energy harvest, without 
having to undergo sub- 
stantial changes in species 
composition. Rather than 
minimizing genome size, 
a keystone species such as B. thetaiotaomicron 
has evolved an elaborate and sizable genome 
that can mobilize functionally diverse adapt- 
ive responses. 

Diet-associated changes in the glycan forag- 
ing behavior of B. thetaiotaomicron are also 
accompanied by changes in expression of 
its capsular polysaccharide synthesis loci 
(CPS), indicating that B. thetaiotaomicron is 



able to change its carbohydrate surface depend- 
ing upon the nutrient (glycan) environment. 
This could be part of a strategy for evading an 
adaptive immune response. Whole-genome 
genotyping studies of B. thetaiotaomicron iso- 
lates, with the use of GeneChips designed 
from the sequenced genome of the type 
strain, disclose that their CPS loci differ, 
whereas their housekeeping genes are con- 
served (25). Because selective sweeps are 
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Fig. 3. Lessons about adapative foraging for glycans obtained from B. thetaiotaomicron. 
(1) B. thetaiotaomicron does not have adhesive organelles. Without outer membrane 
polysaccharide-binding protein-mediated attachment to glycan-rich nutrient platforms, 
it is at risk for being washed out from the intestinal bioreactor. Substrate access is 
limited under these conditions. (2) Small nutrient platforms are composed of undigested 
or partially digested food particles (e.g., dietary fiber), shed host epithelial cells, and/or 
mucus fragments. These platform elements may be in dynamic equilibrium with one another 
and with the mucus layer overlying the intestinal epithelium. Microbial fermentation of 
otherwise indigestible polysaccharides in these platforms is made possible by induced 
expression of substrate-appropriate sets of bacterial polysaccharide-binding proteins and 
glycoside hydrolases. (3) Mesophilic methanogens drive carbohydrate utilization by removing 
products of fermentation (Hj and COj are converted to methane), thereby Improving the 
overall efficiency of energy extraction from polysaccharides. (4) When dietary polysac- 
charides are scarce, B. thetaiotaomicron turns to host mucus by deploying a different set 
of polysaccharide binding proteins and glycoside hydrolases. This adaptive foraging re- 
flects the coevolved functional versatility of B. thetaiotaomicron' % glycobiome and the 
structural diversity of the host's mucus glycans. 



most likely to come from the immune system 
and phages, both of which respond to surface 
structures, the associated genes are likely to 
be the most diverse in the genome. Accord- 
ingly, B. thetaiotaomicron has a remarkable 
apparatus for altering its genome content. The 
sequenced type strain contains a plasmid, 63 
transposases, 43 integrases, and four homo- 
logs of a conjugative transposon {20). Gene 



transfer and mutation mechanisms endow 
strains of bacterial species with the (genet- 
ic) versatility necessary to withstand selec- 
tive sweeps that would eradicate more clonal 
populations (26). 

The Gut Microbiota as a "Host" Factor 
That Influences Energy Storage 

Comparisons of mice raised without expo- 
sure to any microorganisms [Germ-Free (GF)] 
with those that have ac- 
quired a microbiota since 
birth [Conventionally Raised 
(CONV-R)] have led to the 
identification of numer- 
ous effects of indigenous 
microbes on host biology 
(table S2), including en- 
ergy balance. Young adult 
CONV-R animals have 40% 
more total body fat than 
their GF counteiparts fed the 
same polysaccharide-rich 
diet, even though CONV-R 
animals consume less chow 
per day (27). This obser- 
vation might seem para- 
doxical at first but can be 
explained by the fact that 
the gut microbiota allows 
energy to be salvaged from 
otherwise indigestible dietary 
polysaccharides {28). "Con- 
ventionalization** of adult 
GF mice with cecal contents 
harvested from CONV-R 
donors increases body fat 
content to levels equiva- 
lent to those of CONV-R 
animals (27). The increase 
reflects adipocyte hypertro- 
phy rather than hyperplasia 
and is notable for its rapid- 
ity and sustainability (27). 

The mutualistic nature 
of the host-bacterial rela- 
tionship is underscored by 
mechanisms that underlie 
this fat-storage phenotype. 
Colonization increases glu- 
cose uptake in the host intes- 
tine and produces substantial 
elevations in semm glucose 
and insulin (27), both of 
which stimulate hepatic li- 
pogenesis through their ef- 
fects on two basic helix-loop-helix/leucine 
zipper transcription factors — ChREBP and 
SREBP-lc (27, 29). Short-chain fatty acids, 
generated by microbial fermentation, also in- 
duce lipogenesis {30). Triglycerides exported 
by the liver into the circulation are taken up 
by adipocytes through a lipoprotein lipase 
(LPL)-mediated process. The microbiota sup- 
presses intestinal epithelial expression of a 
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circulating LPL inhibitor, fasting-induced adi- 
pose factor (Fiaf, also known as angiopoietin- 
like protein-4) (27). Comparisons of GF and 
conventionalized wild-type and Fiaf-^- mice 
established Fiaf as a physiologically important 
regulator of LPL activity in vivo and a key 
modulator of the microbiota-induced increase 
in fat storage (27). 

The caloric density of food items is por- 
trayed as a fixed value on package labels. 
However, it seems reasonable to postulate 
that caloric value varies between individual 
''consumers" according to the composition 
and operation (e.g., transit time) of their in- 
testinal bioreactors, and that the microbiota 
influences their energy balance. Relatively 
high-efficiency bioreactors would promote 
energy storage (obesity), whereas lower effi- 
ciency reactors would promote leanness 
(efficiency is defined in this case as the 
energy-harvesting and storage-promoting 
potential of an individual's microbiota rela- 
tive to the ingested diet). 

The idea that individual variations in 
bioreactor efficiencies may be a significant 
variable in the energy balance equation is 
supported by several observations. First, in- 
dividual variations in the composition of the 
microbiota occur and are influenced by host 
genotype (75). Second, small but chronic 
differences between energy intake and ex- 
penditure can, in principle, produce major 
changes in body composition [e.g., if 
energy balance is -1-12 kcal/day, >0.45 kg 
of fat could be gained per year if there are 
no compensatory responses by the host; this 
is the average weight increase experienced 
by Americans from age 25 to 55 (31)]. Third, 
the microbiota is a substantial consumer of 
energy. One group estimated that individuals 
on a "British Diet" must ferment 50 to 65 g 
of hexose sugars daily to obtain the energy 
required to replace the 15 to 20 g (dry 
weight) of bacteria they excrete per day (32). 

These considerations emphasize the need 
to assess the representation of species with 
large capacities for processing dietary poly- 
saccharides, such as Bacteroides, in lean 
versus morbidly obese individuals, and in 
cohorts of obese individuals before, during, 
and after weight reduction achieved by high- 
poly saccharide/low- fat versus high-fat/low- 
polysaccharide diets [or by bariatric (gastric 
bypass) surgery]. The results, coupled with co- 
incident assessments of energy extraction fi-om 
the diet, should provide a proof-of-concept test 
of whether differences in the composition of 
the microbiota are associated with differences 
in gut bioreactor efficiency (and predisposition 
to obesity). 

Lessons that have been learned by envi- 
ronmental engineers who study how to op- 
timize the efficiency of man-made anaerobic 
bioreactors (table S3) suggest that these enu- 
meration studies should also include mem- 



bers of archaea. Thermodynamics dictates 
that the energy obtained from substrate con- 
versions will be higher if low concentrations 
of products are maintained (ii, 34). In the 
human gut, methanogenic archaea provide 
the last microbial link in the metabolic chain 
of polysaccharide processing. Bacteria de- 
grade polysaccharides to short-chain fatty 
acids, COj, and hydrogen gas. Methanogens 
lower the partial pressure of hydrogen by gen- 
erating methane, and thereby may increase 
microbial fermentation rates. Defining the rep- 
resentation of mesophilic methanogens in the 
colonic microbiota of individuals, sequencing 
their genomes [as we are currently doing with 
Methanobrevibacter smithii, a prevalent isolate 
from the human colon (35)], and characteriz- 
ing archaeal-bacterial syntrophy in simplified 
gnotobiotic mouse models consuming differ- 
ent diets should provide a starting point for 
defining the role of archaea in shaping the 
functional diversity, stability, and beneficial 
contributions of our distal gut microbiota. 
Devising ways for manipulating archaeal pop- 
ulations may provide a novel way for inten- 
tionally altering our energy balance. 

Looking to the Future 

A comprehensive 165rRNA sequence-based 
(bacterial and archaeal) enumeration of the 
microbiotas of selected humans, representing 
different ethnic groups, living in similar or 
distinct milieus, would provide an invaluable 
database for studying normal and diseased 
populations (36). The concept of using the 
microbiota as a biomarker of impending or 
fully manifest diseases within or outside of 
the GI tract and for monitoring responses to 
therapeutic interventions needs to be explored. 

Several groups are embarking on meta- 
genome sequencing projects to define gene 
content in the human gut microbiome. If we 
view ourselves as being a composite of many 
species, this represents a logical continuation 
of the Human Genome Project. A complemen- 
tary approach to metagenomic analysis is to 
determine genome-level diversity among bac- 
terial populations belonging to a specific ge- 
nus or species residing within a defined gut 
habitat of a single individual or a few indi- 
viduals. Members of Bacteroides provide a 
natural experiment for examining the impact 
of habitat on genome content since they have 
yet to be encountered in any environment 
other than animal GI tracts. Figure IC illus- 
trates how a collection of just 29 isolates phe- 
notyped as B. thetaiotaomicron provided a 
broad range of 165 rRNA sequences, includ- 
ing several new species. We are close to pro- 
ducing finished genome sequences for two 
prominent members of the colonic microbiota, 
B. vulgatus and B. distasonis (37). B.fragilis, 
a less prominent member, has recently been 
sequenced (38y 39). The results will allow us 
to ask how evolutionary history relates to 



genome content and what constitutes a 
minimal Bacteroides genome. 

We also need to obtain a direct view of 
how the metabolites originating from the 
microbiome influence host physiology. This 
will be a formidable task, requiring new tech- 
niques for measuring metabolites generated 
by single and defined collections of symbionts 
during growth under defined nutrient condi- 
tions in single-vessel chemostats, in more 
elaborate mechanical models of the human 
gut, and in vivo after colonization of specified 
habitats of the intestines of gnotobiotic mice. 
The results should help formulate and direct 
hypothesis-based investigations of the micro- 
biota's "metabolome" in humans. 

Databases that connect molecular data 
with ecosystem parameters are still rare (40). 
A human intestinal microbiome database is 
needed to organize genomic, transcriptomic, 
and metabolomic data obtained from this 
complex natural microbial community, and 
would provide a substrate for generating test- 
able hypotheses. 

Finally, just as microbiotas have coevolved 
with their animal hosts, this field must co- 
evolve with its academic hosts and their abil- 
ity to devise innovative ways of assembling 
interactive interdisciplinary research groups 
necessary to advance our understanding. 
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REVIEW 

Immunity, Inflammation, and Allergy in the Gut 

Thomas T. MacDonald^*''! and Giovanni Monteleone^ 



The gut immune system has the challenge of responding to pathogens while re- 
maining relatively unresponsive to food antigens and the commensal microflora. In 
the developed world, this ability appears to be breaking down, with chronic in- 
flammatory diseases of the gut commonplace in the apparent absence of overt 
infections. In both mouse and man, mutations in genes that control innate 
immune recognition, adaptive immunity, and epithelial permeability are all 
associated with gut inflammation. This suggests that perturbing homeostasis 
between gut antigens and host immunity represents a critical detenminant in the 
development of gut inflammation and allergy. 



The gastrointestinal tract is the site where the 
divergent needs of nutrient absorption and 
host defense collide: The former requires a 
large surface area and a thin epithelium that 
has the potential to compromise host defense. 
Many infectious diseases involve the gut, and 
the investment by the gut in protecting itself 
is evident in the abundant lymphoid tissue 
and immune cells it harbors. In westernized 
countries, most infectious diseases of the gut 
are largely under control, yet gastrointesti- 
nal food allergies and idiopathic inflammatory 
conditions have dramatically increased; in other 
words, we now have inflammation without 
infection. Although the reason for this remains 
unknown, a prevailing notion is that the ab- 
sence of overt gut infection has upset the 
balance between the normal bacteria that 
colonize the healthy gut and the mucosal im- 
mune system. 

The Cut Epithelial Barrier 

The primary cellular barrier of the gut in pre- 
venting antigens encountering the immune 
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system is the single layer of gut epithelium, 
the surface area of which is expanded to the 
order of 400 m^, largely because it is formed 
into millions of fingerlike villi in the small 
bowel. Each epithelial cell maintains inti- 
mate association with its neighbors and seals 
the surface of the gut with tight junctions. In 
the upper bowel, the bulk of the antigen ex- 
posure comes from diet, whereas in the ileum 
and colon, the additional antigenic load of an 
abundant and highly complex commensal mi- 
croflora exists. 

Nevertheless, the gut epithelial barrier does 
not completely prevent lumenal antigens from 
entering the tissues. Thus, intact food proteins 
can be detected in plasma (7), and a few gut 
bacteria can be detected in the mesenteric 
lymph nodes draining the gut of healthy 
animals (2). Antigens can cross the epithelial 
surface through breaks in tight junctions, per- 
haps at villus tips where epithelial cells are 
shed, or through the follicle-associated epithe- 
lium (FAE) that overlies the organized lymph- 
oid tissues of the intestinal wall (5). Peyer's 
patches (PP) in the small bowel are aggre- 
gates of lymphoid tissue numbering -200 in 
the average adult, although tens of thousands 
of much smaller individual follicles also line 
the small bowel and colon. FAE contains spe- 
cialized epithelial cells termed M cells whose 
function is to transport lumenal antigens into 
the dome area of the follicle (i) (Fig. 1). 
Antigen-presenting dendritic cells (DC) also 
send processes between gut epithelial cells 
without disturbing tight junction integrity 



and sample conmiensal and pathogenic gut 

bacteria (4, 5). The gut epithelial barrier there- 
fore represents a highly dynamic structure that 
limits, but does not exclude, antigens from 
entering the tissues, whereas the immune sys- 
tem constantly samples gut antigens through 
the FAE and DC processes. 

Commensal Bacteria in 
Epithelial/immune Cell Function 
in the Cut 

Interaction of commensals with gut epithelium. 
The gut epithelium itself can also directly 
sense commensal bacteria and pathogens; in- 
tegral to this are the mammalian pattern rec- 
ognition receptors (PRRs), which recognize 
conserved structures of bacteria and viruses 
and generally activate pro-inflammatory path- 
ways alerting the host to infection (6). Two 
different classes of PRRs are involved. The 
Toll-like receptors (TLRs) are usually asso- 
ciated with cell membranes and have an ex- 
ternal leucine-rich repeat (LRR) recognition 
domain and an intracellular interleukin-1 
receptor (IL-IR)-Hk® signaling domain (7). 
The nucleotide-binding oligomerization do- 
main (Nod) molecules. Nodi and Nod2 [also 
known as CARD4 and CARD 15 (caspase 
activation and recruitment domain)], are 
present in the cytosol of epithelial cells and 
immune cells. These proteins also have LRRs 
at the C terminus, a Nod domain, and CARD 
domains at the N terminus (8). There is abim- 
dant evidence that signaling through Nod or 
TLR activates transcription factor NF-kB, lead- 
ing to pro-inflammatory gene expression (7, 8) 
TLRl to TLR9 and Nodi and Nod2 are 
each expressed by gut epithelial cells (5, P). 
Nodi and Nod2 recognize slightly different 
muropeptide motifs derived from bacterial pep- 
tidoglycans ((5), which suggests that they sense 
intracellular infection or attempted bacterial 
subversion of epithelial cells (10). TLRs recog- 
nize many different components of bacteria 
and viruses. For example, TLR4 recognizes 
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Background Sc Aims : The aim of this study was to com- 
pare the response of symptoms and cytokine ratios In 
irritable bowel syndrome (IBS) with ingestion of probiotic 
preparations containing a lactobacillus or bifidobacterium 
strain. Methods : Seventy-seven subjects with IBS were ran- 
domized to receive either Lactobacillus salivarius 
UCC4331 or Bifidobacterium infantis 35624, each in a 
dose of 1 X 10^ live bacterial cells in a malted milk drink, 
or the malted milk drink alone as placebo for 8 weeks. The 
cardinal symptoms of IBS were recorded on a daily basis 
and assessed each week. Quality of life assessment, stool 
microbiologic studies, and blood sampling for estimation 
of peripheral blood mononuclear cell release of the cyto- 
kines interleukin (IL)-10 and IL-12 were performed at the 
beginning and at the end of the treatment phase. Results : 
For all symptoms, with the exception of bowel movement 
frequency and consistency, those randomized to B infantis 
35624 experienced a greater reduction in symptom 
scores; composite and individual scores for abdominal 
pain/discomfort, bloating/distention, and bowel move- 
ment difficulty were significantly lower than for placebo for 
those randomized to B infantis 35624 for most weeks of 
the treatment phase. At baseline, patients with IBS dem- 
onstrated an abnormal iL-lO/IL-12 ratio, indicative of a 
proinflammatory, Th-1 state. This ratio was normalized by 
e Infantis 35624 feeding alone. Conclusions : B Infantis 
35624 alleviates symptoms in IBS; this symptomatic re- 
sponse was associated with normalization of the ratio of 
an anti-inflammatory to a proinflammatory cytokine, sug- 
gusUiig a il linmuneHnoUuidlli i g ru l e f o r t hi s o rganism, in 
this disorder. 

Irritable bowel syndrome (IBS) is a common functional 
disorder usually defined by the coexistence of abdom- 
inal pain or discomfort and an alteration in bowel 
habit. ^-^ IBS may lead to impaired social and personal 



function and can diminish quality of life to a degree 
usually associated with major organic diseases such as 
hypertension and diabetes.'^-^ IBS represents a significant 
therapeutic challenge; currently available therapies pro- 
vide symptomatic relief at best, and none have been 
shown to alter the natural history of the disorder. *'2.6-ii 
While the precise pathophysiology of IBS remains to be 
elucidated, ^2 dysmotility and altered visceral perception/ 
sensation are currently the most popular hypotheses. 
More recently, roles for enteric infection and intestinal 
inflammation have been proposed. Thus, both retrospec- 
tive and prospective studies have documented the new 
onset of IBS following bacteriologically confirmed bac- 
terial gastroenteritis*^-^^ and others have provided evi- 
dence of low-grade mucosal inflammation^^"^'* and im- 
mune activation25-27 in patients with IBS. The enteric 
flora has also been implicated; there has been a sugges- 
tion that some patients with IBS may harbor bacterial 
overgrowth and that their symptoms may be ameliorated 
by its eradication.^^"^* Despite these observations, our 
ever-increasing understanding of gut flora-mucosa inter- 
actions,^^ and the existence of a significant body of basic 
research to support a role for inflammatory and immune 
processes in contributing to enteric neuromuscular dys- 
function,^^ the role of lumen-mucosa interactions in IBS 
remains largely unexplored. 

Probiotics, defined as live or attenuated bacteria or 
bacterial products that confer a significant health benefit 
to the host,^"* have the potential to provide a clinical tool 
to explore these interactions. There are several reasons 
why these agents might, in theory, prove of therapeutic 



Abbreviations used in this paper. AUC, area under the cun^e; IBS, 
Irritable bowel syndrome; IL, InterleuKin; PBMC, peripheral blood 
mononuclear cell; VAS, visual analogue scale. 
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benefit in IBS. Firstly, many probiotic organisms exert 
antibacterial and antiviral effects and could thereby pre- 
vent or modify the course of postinfective IBS-^''"*^ Sec- 
ondly, probiotics have been demonstrated to exert anti- 
inflammatory effects at mucosal surfaces^"^'^^; by reducing 
mucosal inflammation, probiotics could decrease im- 
mune-mediated activation of enteric motor and sensory 
neurons and modify neural traffic between the gut and 
the central nervous system. Thirdly, probiotics could 
alter the composition of the gut flora. While the status of 
the gut flora in IBS remains a source of some contro- 
versy/ ^-^^''^^ probiotic-related changes in the enteric flora 
could directly (through the augmentation of commensal 
lactobacilli or bifidobacteria or the elimination of patho- 
gens) or indirectly (through a reduction in either patho- 
gen-related inflammation or bacterial fermentation"^ 0 in- 
fluence gut function. Finally, probiotics could alter the 
volume and/or composition of stool and gas"*^ or increase 
intestinal mucus secretion,^^ effects that could influence 
intestinal handling of its contents and thus modulate 
symptoms such as constipation and diarrhea, 

A small number of studies have evaluated the response 
of IBS to probiotic preparations; while results between 
studies are difficult to compare because of differences in 
study design, probiotic dose, and strain, there has been 
some, but by no means consistent, evidence of symptom 
improvement.'*'*"'^ The overall impact of probiotics in 
IBS remains unclear. ^^^-^^ Several of these studies have 
involved either lactobacilli or bifidobacteria, although 
none have involved a direct comparison of these strains.^' 

Patients and Methods 

Study Population 

Patients were recruited from gastroenterology clinics 
at Cork University Hospital and by direct advertisement on 
the university campus and in a local newspaper. Individuals 
aged between 18 and 75 years who satisfied Rome II criteria 
for the diagnosis of IBS^ and in whom organic gastrointestinal 
diseases, including inflammatory bowel disease, and clinically 
significant systemic diseases had been excluded were consid- 
ered for inclusion in the study. Pregnant women, individuals 
with known lactose intolerance or immunodeficiency, and 
individuals who had undergone any abdominal surgery, with 
the exception of hernia repair and appendectomy, were ex- 
cluded. 

Trial Protocol 

Each potentially eligible patient was evaluated by a 
fiill review of clinical history and performance of a physical 
examination as well as full blood count, serum chemistry, and 
quantitative serum immunoglobulin levels. Clinically signifi- 



cant abnormalities in any of the latter test results led to 
exclusion from randomization. Eligible subjects then entered a 
4-week run-in period during which they recorded symptoms, 
as well as stool frequency and form, each day on a diary card. 
During this time and throughout the rest of the study, subjects 
were instructed not to take any medications that could influ- 
ence gut motor or absorptive function, including laxatives and 
antidiarrheal agents, as well as any preparation that could alter 
the enteric flora, including antibiotics and commercially avail- 
able probiotic preparations. 

At the end of the mn-in period, subjects were randomized 
to receive either a lactobacillus or bifidobacterium, each deliv- 
ered in a dose of 1 X 10^^ live bacterial cells in a malted milk 
drink, or the malted milk drink alone as placebo. All prepa- 
rations were identical in color, taste, and consistency. Ran- 
domization was performed by picking a card from a pack of 
prerandomized identical cards in the presence of a study coor- 
dinator; all other investigators, as well as patients, remained 
blinded to the randomization process until completion of the 
trial. Subjects were instructed to ingest the preparation once a 
day, in the morning, for 8 weeks and record symptoms and 
stool characteristics on a daily basis throughout the study 
period. Compliance was assessed by direct questioning at clinic 
visits and by fecal flora analysis. On completion of the 8-week 
treatment phase, subjects continued to complete the daily 
symptom cards for a further 4- week washout period while off 
all therapy. 

Probiotic Preparations 

The probiotic preparations used in this study, Laao- 
bacillus salivarius subspecies salivarius UCC4331 and Bifidobac- 
terium infantis 35624, were originally isolated from the ileoce- 
cal region of an adult human undergoing reconstructive 
surgery. These strains were selected on the basis of the follow- 
ing probiotic properties: being of human origin, nonpatho- 
genic, and resistant to intestinal acid and bile; demonstrating 
an ability to adhere to human epithelial cells; and demonstrat- 
ing an ability to temporarily colonize and be metabolically 
active within the human gastrointestinal tract.^^^^o further- 
more, these organisms have been previously shown in volun- 
teer studies to survive transit through the gastrointestinal 
tract, to be free of side effects, and to demonstrate anti- 
inflammatory activity in a number of models.*^-*^^ L salivarius 
UCC4331 was cultured in de Man/Rogosa/Sharp broth (Ox- 
oid, Basingstoke, United Kingdom) at 37**C in an anaerobic 
environment for 24 hours. B infantis 55624 was cultured in de 
Man/Rogosa/Sharp broth enriched with cysteine at 37°C in an 
anaerobic environment for 48 hours. 

Assessments 

Throughout the entire study, subjects were seen on a 
weekly basis and diary cards collected. The following 3 cardi- 
nal IBS symptom clusters were assessed: (1) abdominal pain or 
discomfort, (2) bloating or distention, and (3) bowel move- 
ment difficulty. The latter could reflect either difficulty with 
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evacuation (ie, straining or a sense of incomplete evacuation) or 
urgency. Each symptom was evaluated using both an ordinal 
scale (Likert scale; maximum score, 7) and a 10-cm visual 
analogue scale (VAS; maximum score, 10).^^ A composite 
score, comprised of the sums of the 3 cardinal symptoms 
(pain/discomfort, bloating/distention, and bowel movement 
difficulty scores) was also calculated for each patient (maxi- 
mum score: Likert scale, 21; VAS, 30). 

Bowel movement frequency was recorded as number per 
day, and consistency was evaluated using the Bristol Stool 
Scale.'^^ 

Quality of life was assessed by administration of an IBS- 
specific questionnaire developed and validated by Drossman et 
al^ at the time of randomization and at the end of the 
treatment and washout periods. The following 8 domains were 
assessed on each occasion in each patient: dysphoria, interfer- 
ence with activity, body image, health worry, food avoidance, 
social reaction, sexual function, and impact on relationships. 

Blood samples for blood count, serum chemistry, and quan- 
titative immunoglobulin levels were obtained at initial eval- 
uation and at the end of the study and analyzed using standard 
laboratory methods. 

Stool samples for fecal flora analysis were obtained at ran- 
domization and at the end of the treatment phase. Spontaneous 
rifampicin-resistant variants of both probiotic strains were 
isolated before initiation of this study to facilitate the differ- 
entiation of these bacteria from all other lactobacilli and 
bifidobacteria. Representative fecal suspensions were serially 
diluted and plated on de Man/Rogosa/Sharp agar containing 
rifampicin or de Man/Rogosa/Sharp agar containing cysteine 
and ri&mpicin to enumerate L salivar'ms UCC4331 or B 
infantis 35624, respectively. 

Peripheral blood samples from patients with IBS was obtained 
both before and after treatment for cytokine levels and compared 
with that obtained from a group of age- and sex-matched healthy 
volunteers (n = 20). Peripheral blood samples were taken direaly 
into sterile EDTA<ontaining Vacutainers (Econo-med, Long Sut- 
ton, United Kingdom). Mononuclear cells were isolated by Ficoll- 
Hypaque density centriftigation^' and resuspended at 1 X 10^ 
cells/mL in complete media/Dulbecco's modified Eagle medium 
containing 25 mmol/L glucose, 10% fetal calf serum, 1% nones- 
sential amino acids, 50 U/mL penicillin, and 50 jxg/mL strepto- 
mycin (Invitrogen, Paisley, Scotland). These mononuclear cells are 
termed peripheral blood mononuclear cells (PBMCs). PBMCs 
were incubated, nonstimulated, for 72 hours at 37°C in a 5% CO2 
humidified atmosphere. Nonstimulated PBMC cytokine produc- 
tion reflects the cytokine milieu from which the PBMCs were 
originally isolated. Cell-free supematants were stored frozen at 
— 70"C Mwl analyzed fm ' i:ytok:ine levels in ba t ches. In c cflcukin 
{IL)-10 and IL-12p40 cytokine levels were measured using en- 
zyme-linked immunosorbent assays (R&D Systems, Abington, 
United Kingdom). 

Statistical IVIethods 

All data were collected and analyzed independently of the 
investigators, who did not have access to the data or to its analysis 



until the latter had been completed. All of the efficacy analyses 
were summarized on data from ail evaluative subjects and ana- 
lyzed on an intention-to-treat basis. Baseline and demographic 
data were tested for balance across treatment groups using 1-way 
analysis of variance, <^cst, or Fisher exact test, as appropriate. 

For each of the IBS symptoms and the composite score, efficacy 
data were analyzed in 2 ways. First, weekly individual symptom 
scores and composite scores were analyzed using a repeated- 
measures analysis of covariance model, with fixed effects for 
treatment and for the mean week 1 (baseline) symptom or 
composite score, as applicable. The variance/covariance matrix in 
this model was assumed to have compound symmetry. Second, to 
compare scores over the entire treatment phase, an area-under-the 
curve (AUC) analysis was performed for each symptom and the 
composite score. Symptom scores were first averaged within each 
week for each subject. AUCs were then calculated for each subject 
by using week 1 to week 8 scores in the treatment phase. AUCs 
were then analyzed using analysis of covariance using the baseline 
score at week 2 of the run-in phase as covariate and treatment as 
the feaor in the model. Tukey's method for adjustment for 
multiple treatment comparisons was used to obtain the adjusted 
P values for between-treatments comparisons. Both adjusted and 
unadjusted P values were reported. 

Quality-of-life measurements were analyzed using analysis 
of covariance with fixed effects for treatment group and base- 
line. 

Results 

Subjects 

A total of 80 subjects were enrolled in the study. 
Two subjects (1 randomized to B infantis 35624 and 1 to 
placebo) were subsequently found to have taken antibiotics 
from the beginning of the treatment phase and were there- 
fore determined to be nonevaluable. A further 3 subjeas 
dropped out before the treatment phase. Therefore, 75 
subjects provided some evaluable data. Of these, 3 subjects 
took an antibiotic during the course of the study; only data 
up to the commencement of antibiotic use were deemed to 
be evaluable. Another subject took a commercially available 
probiotic preparation during the washout/follow-up period 
(weeks 8-12); only data up to week 8 were determined to 
be evaluable for this subject. Four additional subjects failed 
to complete the washout phase; therefore, 67 subjects sat- 
isfeaorily completed all phases of the study. 

Baseline Characteristics 

Among the 75 evaluable subjects, 64% were 
women and 36% were men. Subjects averaged 44.3 years 
in age (range, 18-73 years). Sex and age were both 
balanced across treatment groups. All subjects were 
white. Classification of subjects at baseline by predomi- 
nant symptom indicated that 45% were alternators, 28% 
diarrhea predominant, and 26% constipation predomi- 
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Figure 1. Composite Likert scale and VAS scores. Comparison of the 
effects of placebo, L salivarius UCC4331, and B infantis 35624 on a 
composite score of IBS symptoms. The scores are derived from the 
sum of scores for abdominal pain/discomfort, bloatlng/dlstention, 
and bowel movement difficulty. Note the significant reduction in com- 
posite scores throughout the treatment period and Into the washout 
phase for subjects treated with B infantis 35624 but not with L 
salivarius UCC4331 or placebo. *P < .05 vs placebo; ail comparisons 
adjusted for any differences in baseline symptom score. 



nant. In addition, 25% of the subjects were smokers and 
88% drank alcohol. Although subjects were balanced 
across treatment groups with respect to use of alcohol, 
there was imbalance detected with regard to smoking 
status; of the subjects responding, 72% of the L salivarius 
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Figure 2. Abdominal pain scores on the Likert scale. Comparison of 
the effects of placebo, L saOvarius UCC4331. and B infantis 35624 
on abdominal pain/discomfort in IBS. Note the significant reduction in 
pain/discomfort score during most weeks of the treatment phase and 
into the washout phase among patients treated with B infantis 
35624; for those randomized to L saiivarius UCC4331, a significant 
benefit was evident at week 2 alone. *P < .05 vs placebo; all 
comparisons adjusted for any differences In baseline symptom score. 
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Figure 3. Bloating scores on the Likert scale. Comparison of the 
effects of placebo, L saiivarius UCC4331. and B infantis 35624 on 
bloating/distention in IBS. Note the significant reduction in bloating/ 
distention during weeks 2, 5, and 6 for those randomized to B infantis 
35624; there was no significant benefit for those randomized to L 
salivarius UCC4331. *P < .05 vs placebo; all comparisons adjusted 
for any differences in baseline symptom score. 



UCC4331 group did not smoke, compared with 92% of 
the B infantis 35624 group and 58% of the placebo 
group (P = .03). 

The 3 treatment groups were not quite balanced for 
baseline symptom scores. Statistically significant imbal- 
ance was detected at the a = ,05 level for the following 
baseline scores: abdominal pain/Likert score (week —2\ 
bloating/Likert score (week -2), bloating/Likert score 
(week -1), bloatingA^AS score (week -2), bloating/ 
VAS score (week —1), and the composite Likert score 
(week —2). In consideration of these baseline differences, 
efficacy analyses were performed using baseline, as cal- 
culated by the average of the week — 1 symptom scores, 
as a covariate. 

Response to Treatment 

Figures 1-4 summarize the least-squares means 
and standard errors for composite score and each of the 
primary symptom efficacy measurements (abdominal 
pain/discomfort, bloating/distention, and bowel move- 
ment difficulty) according to treatment and for each 
week of the 8-week treatment period and the 4-week 
washout period. Because similar results were obtained for 
all parameters studied using both the Likert scale and the 
VAS, results for both scales are presented for composite 
score alone; elsewhere, only the Likert scale results are 
presented. Table 1 presents results of the AUC analyses. 



A comparison of scores for each week showed that 
subjects treated with B infantis '}5624 had lower com- 
posite scores than those receiving placebo for all weeks in 
the treatment phase and the entire washout phase. Of the 
VAS scores for each of these 12 weeks, 10 were signifi- 
cantly lower than those for placebo. The only 2 weeks in 
which scores were not significantly lower than those for 
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Figure 4. Bowel movement difficulty scores on the Likert scale. Com- 
parison of the effects of placebo, L salivarius UCC4331. and B 
infantis 35624 on bowel movement difficulty in IBS. Note the signif- 
icant reduction in bowel movement difficulty during weel^s 2, 3, and 
5-7 for those randomized to B infantis 35624; there was no signifi- 
cant benefit for those randomized to L salivarius UCC4331. *P < .05 
vs piacebo; all comparisons adjusted for any differences in baseline 
symptom score. 



placebo were weeks 10 and 1 1, during the washout phase 
(Figure 1), In comparison, those randomized to L saliva- 
rius UCC4331 achieved a statistically significant reduc- 
tion in composite symptom score during the second week 
of the treatment period alone (Figure 1). Furthermore, on 
at least 1 of the scales, composite scores for those treated 
with B infantis 35624 were significantly lower than for 
those treated with L salivarius UCC4331 during the 
second, fourth, sixth, and eighth weeks of the treatment 
phase and for 3 of the 4 weeks of the washout phase 
(Figure 1). 

Comparison of AUCs for the treatment phase showed 
significantly lower Likert scale and VAS composite scores 
for the group randomized to B infantis 35624 compared 
with the piacebo group, even after controlling for mul- 
tiple between-treatments comparisons (Table 1). 

For each individual symptom, with the notable excep- 
tions of bowel movement frequency and consistency, the 
group randomized to B infantis 35624 experienced a 
greater reduction in symptom scores during the treat- 
ment period (Figures 1-4 and Table 1). Thus, subjects 
randomized to B infantis 35624 achieved lower scores for 
pain/discomfort (AUG, P < .05 vs placebo for unad- 
justed scores. Table 1; Likert scale scores for individual 
weeks, P < .05 vs placebo for weeks 1, 2, 4, 5, and 7 of 
t he t fcacmcnt phas e and week 1 of the washour phasp , 



and week 1 of the washout phase. Figure 4). In contrast, 
the only symptom improvement observed for those ran- 
domized to L salivarius UCC4331 was an improvement 
in abdominal pain during weeks 2 and 7 of the treatment 
phase (Likert scale, P < .05, Figure 2); none of the AUG 
comparisons showed a significant effect for L salivarius 
UGG4331 on an individual symptom (Table 1). 

Direct comparisons between the 2 probiotic-treated 
groups showed significantly lower (P ^ .05) scores for 
bowel movement difficulty for those treated with B 
infantis 35624 (AUG, P < .05 B infantis 35624 vs 
placebo or L salivarius UCG4331, Table 1; Likert scale 
scores for individual weeks, P < .05 B infantis 35624 vs 
L salivarius UCC4331 for weeks 2, 3, and 6 of the 
treatment phase and weeks 1 and 4 of the washout phase, 
Figure 4). 

The time course of the response to B infantis 35624 
demonstrated a relatively rapid response; improvement 
was evident at the end of the first week and reached a 
maximum by the end of the second week of an 8-week 
course of therapy (Figures 1 and 4). 

Subjects receiving the 3 treatments reported a similar 
number of bowel movements per week and similar bowel 
movement consistency scores across all 8 weeks of the 
treatment period. 

Quality of Life 

For most domains, quality-of-life scores were nu- 
merically lower than those for piacebo for the patients 
randomized to the probiotics but reached statistical sig- 
nificance versus placebo during the treatment phase only 
for health worry for bifidobacterium (at the .05 level) and 
dysphoria for lactobacillus (at the .10 level). 

Table 1. AUG Analysis of Therapeutic Response 



i salivarius 
UCC4331 



B infantis 
35624 



Piacebo 



Abdominal pain 

Likert score 

VAS score 
Bloating 

Likert score 

VAS score 
Bowel movement 
difficulty 

Likert score 

VAS score 
Sluu l Lonsis te ney 
Composite 

Likert score 

VAS score 



8.98 (1.36) 
11.40 (1,82) 

12.61 (1.68) 
15.32 (2.44) 



15.61 (1.85) 
19.71 (2.18)*' 
22.22 (1.66) 



7.78(1.36)« 
9.45 (1.69)« 

10.17 (1.67)*' 
11.66 (2.35)*» 



12.21 (1.85) 
14.92 (2.39) 

14.39 (2.18) 
17.04(3.14) 



7.84(1.91)« 16.79(2.34) 
11.16 (2. W 24.50(2.83) 
26.61(1.65) 22 , 98(2 11) 



Figure 2), bloating/distention (AUG, P < .07 vs placebo 
for unadjusted scores, Table 1; Likert scale scores for 
individual weeks, P < .05 vs placebo for weeks 2, 5, and 
6 of the treatment phase, Figure 3), and bowel movement 
difficulty (AUG, P < .005 vs placebo for adjusted scores, 
Table 1; Likert scale scores for individual weeks, P < .05 
vs placebo for weeks 2, 3, 5, and 6 of the treatment phase 



34.64 (3.60) 
42.35 (4.93) 



24.56 (3.63)^ 
30.15(4.80)^ 



40.52 (4.68) 
52.14 (6,39) 



NOTE, Values are expressed as least-squares mean (SE). 
«P < .05. 

^.05 < P < ,10, between-treatments difference without adjustment. 

< .05 between-treatments difference after adjustment for multiple 
comparisons. 
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PBMC Cytokine Levels 

In vitro production of IL-10 and IL-12 by PBMCs 
was dysregulated at baseline in patients with IBS com- 
pared with healthy volunteers (Figure 5). IL-10 levels 
were lower in patients with IBS (575 ± 108 pg/mL vs 
968 ± 220 pg/mL), whereas IL-12 levels were increased 
in patients with IBS (15 ± 2 pg/mL vs 6 ± 4 pg/mL). 
The ratio of IL-lO/IL-12 levels was significantly different 
between the 2 groups (IBS, 69 — 15; healthy volunteers, 
176 ± 31; P = .003). 

Following treatment with B tnfantis 35624, PBMC 
cytokine levels returned to levels similar to those ob- 
served for the healthy volunteer group (Figure 5). In 
contrast, PBMC cytokine levels did not return to levels 
observed for healthy volunteers in the subjects with IBS 
who received L salivarius UCC4331 or placebo. 

Adverse Events 

Four subjects reported adverse events during the 
study; 1 developed an episode of epistaxis that resolved 
spontaneously, 1 was hospitalized with unstable angina 
and another with an episode of chest pain that was 
attributed to anxiety, and 1 was hospitalized with ab- 
dominal pain that was attributed to an exacerbation of 
IBS and constipation. No clinically significant changes in 
full blood count, serum chemistry, or serum immuno- 
globulin levels were recorded in any of the subjects 
during the study. 

Stool Recovery of Probiotlcs 

Growth was observed on rifampicin-containing 
media with samples obtained from probiotic-treated 
patients, thus confirming that the probiotics con- 
sumed had survived gastrointestinal transit in the 
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Figure 5. PBMC IL-lO/IL-12 ratio. Comparison of PBMC IHO/IL-12 
ratios at baseline and following therapy with placebo, L salivarius 
UCC4331, and B Infantis 35624 with that of a normal control period. 
Note the abnormal baseline ratio in subjects with IBS, with a noimal- 
ization of this ratio following the administration of B infantis 35624 
alone. 



patients with IBS. No growth was observed from fecal 
samples obtained before probiotic feeding or at any 
point in patients receiving placebo. 

Discussion 

In this study, we compared, for the first time, 
the effects of 2 probiotic strains on symptoms in 
patients with IBS, We have shown superiority for 
bifidobacterium over both a lactobacillus and placebo 
for each of the cardinal symptoms of IBS and for a 
composite score. These symptomatic benefits were as- 
sociated with parallel trends in a quality-of-life mea- 
sure developed specifically for IBS.^"^ Furthermore, this 
therapy was well tolerated and free of significant ad- 
verse events. Interestingly, these benefits, in contrast 
to those observed with 2 newly approved therapies for 
IBS, namely alosetron^^ and tegaserod,^'^-^^ were ob- 
served independent of any change in stool frequency or 
form and cannot therefore be attributed to either a 
laxative or an antidiarrheal effect. 

This study is not without its limitations. The small 
size of the study population may have failed to detect 
significant effects of either of the probiotics on some 
symptoms. Furthermore, the study was not powered to 
detect significant changes in quality of life. Symptoms 
were assessed on the basis of paper diaries, which are 
subject to recall bias and are therefore less accurate 
than electronic diaries. To capture the overall impact 
of IBS on the subject, we chose to use a composite 
score comprised of the cardinal features of IBS; an 
alternative approach to this same issue would have 
been to use some form of global assessment instru- 
ment. Assessments of individual symptoms also per- 
mitted the evaluation of the therapies on individual 
components of IBS. It needs to be stressed, however, 
that the small size of this study would, if anything, 
have mitigated against our ability to demonstrate 
differences. The fact that we did demonstrate efficacy 
for one probiotic strain over both placebo and another 
strain further supports the validity of these observa- 
tions and suggests that the bifidobacterium strain used 
may have a selective and specific effect in IBS. It 
should also be noted that the placebo response rate 
observed in this study was similar to that recorded in 
many other IBS studies. As evidenced by their symp- 
tom scores at entry, the patients studied lay at the 
mild end of IBS and were more reflective of the type of 
patients with IBS seen in the community rather than 
in referral centers. Whether bifidobacterium would be 
similarly effective in the latter population remains to 
be seen. We chose to accept all eligible patients with 
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IBS for this study and did not exclude on the basis of 
sex or symptom predominance, an approach that has 
been adopted in studies of the serotonin agonists and 
antagonists. In an attempt to score equally for 
symptoms related to defecation in a diarrhea- or con- 
stipation-predominant subject with IBS, we used the 
parameter of bowel movement difficulty, which could 
score for either urgency in the patient with diarrhea, 
or difficulty with evacuation (straining, incomplete 
evacuation), which is a symptom complex associated 
with constipation. Furthermore, the individual treat- 
ment groups were too small to permit a meaningful 
post-hoc subgroup analysis of response based on these 
or other parameters. The duration of the study was 
also similar to that of other recent studies but does not 
permit an assessment of the long-term effects of this 
therapy. Although this study did not involve a com- 
parison with any other therapeutic modality and the 
study design differed in some aspects from recent large 
trials of serotonergic agonists and antagonists, the 
therapeutic gain observed for bifidobacterium over 
placebo (20%-25%) is certainly no less than that 
reported for tegaserod and alosetron (10%-20%).*^^~^** 

We chose L saltvarius UCC4331 over several lactoba- 
cillus probiotic strains isolated and characterized in our 
laboratories, based on in vitro activity against several 
pathogens, tolerance to acid and bile, and our prior 
demonstration in a study conducted in 80 human vol- 
unteers that L salivarius UCC4331, delivered in either a 
milk drink or a yogurt, is well tolerated, successfully 
colonizes the gastrointestinal tract, and produces ex- 
pected quantitative and qualitative changes in the gut 
flora.'^"^* Furthermore, the introduced lactobacilli were 
found to stimulate a mucosal but not a systemic immune 
response. Finally, related strains had been shown to be of 
benefit in the prevention of human diarrheal conditions 
such as toddlers' diarrhea and Clostridium difficile-tthx^A, 
antibiotic-associated diarrhea. 

B infantis 35624 was chosen from among several bi- 
fidobacterium probiotic strains developed in University 
College Cork based on tolerance to acid and bile and the 
demonstration in mouse models of inflammatory bowel 
disease that B infantis 35624 may prove highly effective 
in beneficially altering gut flora and in alleviating the 
inflammatory changes that characterize these models. ^^^^^ 

What is the mechanism of action of this probiotic in 
IBS? This organism has been shown to exert potent 
immune effects, including the promotion of anti-inflam- 
matory and the inhibition of proinflammatory cytokines. 
For example, oral administration of the bifidobacterium 
used in this study exerted a profound anti-inflammatory 
effect in the IL-10 knockout mouse, a potent model of 



inflammatory bowel disease that was associated with a 
suppression of the proinflammatory cytokines interferon 
gamma, tumor necrosis factor a, and IL-12 while pre- 
serving activity of the anti-inflammatory cytokine trans- 
forming growth factor p.^^ This is of particular interest 
given recent reports of low-grade inflammation and a 
similar pattern of cytokine activation among patients 
with IBS.^^"^'^ Our finding in this study of a cytokine 
ratio in IBS skewed toward a Thl, proinflammatory 
profile provides further support for this hypothesis. 
Based on these and other observations,^^ it is tempting to 
speculate that failure to adequately down-regulate a 
proinflammatory response following a precipitating 
event (eg, gastrointestinal infection) may sustain the IBS 
state. This study has taken this concept one step further; 
by demonstrating a normalization of the IL-lO/IL-12 
ratio in the bifidobacteria- fed subjects alone, and in 
parallel with symptomatic improvement, we provide the 
first evidence for efficacy for an anti-inflammatory ap- 
proach in IBS. 

While this study protocol did not include biopsies, 
thus precluding an evaluation of the effects of this ther- 
apy on colorectal mucosal histology or immune activa- 
tion, others have recently shown potent anti-inflamma- 
tory effects at the mucosal level for probiotic preparations 
that contained bifidobacteria. In this context, we 
must also acknowledge that the mucosa is functionally 
and operationally distinct from the systemic or periph- 
eral immune systems and that direct relationships be- 
tween these compartments have not been shown in hu- 
mans. We are currently exploring these relationships in 
humans in IBS and in response to probiotic therapy; 
meanwhile, we would draw attention to studies from our 
group, albeit in a murine model, showing parallel mu- 
cosal and systemic cytokine responses to the same pro- 
biotic strains as used in this study. The hypothesis that 
bifidobacterium is acting through an anti-inflammatory 
mechanism is indeed an attractive one; this effect could 
abrogate the induction of hypersensitivity, hyperalgesia, 
altered central perception, and dysmotility by inflamma- 
tory triggers. There is indeed some preliminary evi- 
dence that probiotic administration may diminish 
visceral hypersensitivity in animal models.^^'^^ Further- 
more, effects on motility and perception could also go 
some way toward explaining the beneficial effects on 
bloating, given current concepts on the roles of altered 
gas transit and visceral hypersensitivity in the pathogen- 
esis of this symptom.^^""**^ 

Of the other putative effects of probiotics, an effect on 
stool bulking would seem unlikely because we failed to 
observe any change in either stool consistency or fre- 
quency. This apparent independence of the effects of 
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bifidobacterium from any change in stool frequency or 
form has important clinical implications, implying that 
this therapeutic approach may be applicable to all pa- 
tients with IBS, irrespective of stool pattern. Whether 
qualitative or quantitative changes in small intestinal or 
colonic flora accompany probiotic feeding and thereby 
alter flora-mucosal interactions to the benefit of the host 
cannot be determined from this study. We do know from 
the stool recovery studies that the organisms survived 
transit through the intestine, but we did not assess in 
this study interactions between the indigenous flora and 
the administered probiotics. These same studies from our 
group have shown continued recovery of orally adminis- 
tered probiotic organisms from stool for 3 or more weeks 
in 12.5% of healthy volunteers/'^ an observation that 
may explain the persistence of benefit from bifidobacte- 
rium in this study into the washout phase. Furthermore, 
others^'^-^^ have shown that probiotic organisms can ad- 
here to the colonic mucosa and can continue to be 
recovered from colonic biopsy specimens long after the 
discontinuation of oral feeding and after they cease to be 
recovered from fecal samples. 

Whether IBS is accompanied by quantitative or qual- 
itative changes in the bacterial flora of the small or large 
intestine remains a contentious issue; while some have 
described bacterial overgrowth in the small intestine^** 
and qualitative alterations in the fecal flora^^*"^"'^'' and 
increased bacterial fermentation^^ in IBS, others have 
failed to replicate these findings. ^^'^^-^^ A reduction in 
bacterial fermentation by a modulation of the composi- 
tion of the flora could certainly contribute to the allevi- 
ation of the "gas-related" symptoms that are so common 
in IBS®^ and that seem to reflect a selective defect in 
intestinal gas transport. Probiotics have also been 
shown to modulate enteroendocrine cell populations in 
the mouse intestine.^' 

Other studies have evaluated the response of IBS to a 
number of probiotic preparations. In a recent review, 
Hamilton-Miller, while drawing attention to the short- 
comings of prior trials in terms of study design, con- 
cluded that there was, overall, sufficient evidence of 
efficacy to warrant further evaluation. Most studies 
reviewed were small in size and almost certainly under- 
powered to show anything other than a very striking 
benefit. Several did not verify bacterial transit and sur- 
vival by confirmatory stool studies. Many diflFerent or- 
ganisms and strains were used, and dosages varied from 
as little as 10^ to 10*^. Furthermore, some, including a 
recent study, used probiotic "cocktails" rather than sin- 
gle isolates, rendering it impossible to induce what, if 
any, were the active moieties. Nevertheless, some pos- 
itive results were noted. Niedzielin et al reported reso- 



lution of abdominal pain in all 20 patients treated for 4 
weeks with Lactobacillus plantarum 299V, in contrast to 
only 11 of 20 patients who received a placebo,"*^ and 
Halpern et al noted a significant reduction in an IBS 
symptom index with a capsule containing 5 X 10^ 
heat-killed Lactobacillus acidophilus.^^ O'Sullivan and 
O'Morain, while failing to detect an effect of Lactobacillus 
casei GG on overall symptomatology, did note a trend 
toward reduction in bloating. Nobaek et al, using L 
plantarum (DSM 9843),^^ described a similar benefit in 
terms of relief of bloating, as did Kim et al in their 
evaluation of the probiotic "cocktail" VSL#3.^^ 

In contrast, the study reported herein provides, for the 
first time, clear evidence for a benefit in IBS for a 
clearly-defined single-organism probiotic preparation 
and thereby suggests that some strains, and bifidobacte- 
rium in particular, may be more effective that others for 
this indication. Furthermore, this symptomatic response 
was associated with a normalization of the ratio of an 
anti-inflammatory to a proinflammatory cytokine, sug- 
gesting an immune-modulating role for this organism, 
in this disorder. While the limitations inherent to the 
study mandate that its findings be interpreted with 
caution, it should at the very least prompt large random- 
ized controlled trials of this bifidobacterium strain in IBS 
as well as detailed explorations of its mechanism(s) of 
action. 
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Wirsung of the Duct of Wirsung 

Johann Georg Wirsung (1600-1643) was born in Augsburg, Bavaria. From there he emigrated to the famed 
school of medicine at Padua where he became a prosector in anatomy. It was there that one of his students 
Maurice Hoffman came across a pancreatic duct in a rooster and displayed the dissection to his instructor. 
Thereupon, Wirsung set out to demonstrate a counterpart in a human cadaver. This accomplished, Wirsung 
communicated his finding, together with a detailed illustration, in a letter to Jean Riolan (1577-1657), a senior 
colleague in Paris. In the following year 1643, Wirsung was fatally felled by a gunshot fired by an unknown 
assassin, presumably the culmination of a dispute over priority of the discovery. The lesson, if any, is perhaps 
to refrain from pressing one's claim to originality with undue vigor. 

—Contributed by WILLIAM S. HAUBRICH, M D. 

The Scripps Clinic, La Jolla, California 
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Figure 15,96. Celiular morphology in the genus Bifidobacterium. Cells grown in TPY agar stabs. A, B, 
bifidum: B, 5. bngam: C, B. breve: D, B, Qn§ulatum\ E, B, cotBr^^latum\ and Ft B, ghbosum. Phase-contrast 
photomicrographs, x 1500. 



i 



made a more extensive investigation of the ultrastnjcture of 5. bifidum 
strain S2Ba of Reuter (ATCC 15G9G), Comparative studies on the 
ultrastructure of species comprising the genus have not yet been made. 

Nutrition 

Since its first isolation from human Infants' feces (Gyflrg>'. 19fi3> 
and its designation as LactnbnviiluH bifidits vat» pennfsyivonivus (Gy6rg>' 
and Rose, 19551, this organism, the groivth of which is stimulated by 
human milk, has been the objecr of numerous nutritlunnl studies 
designed either to elucidate the properties of the bifidus factoHs) 
present in human milk, or to find a substitute for it (aee reviews by 



Poupard ec al., 1973; Yoshioka et al, 1968; Nakamura and Taroura, 
1972; Nichols et ah, 1974; GyBrgy et fil.. 1974; Yazawa et al. 1978; 
Beerens et bL 19S01 

I-Iowever, as cmly the Gyorg\' strain and a few others of ill defined 
taxonomy were used for these- studies, they have little bearing on our 
knowledge of the nutritional requirements of the genus, particularly 
now that so many new species are known. The growth factor require- 
ments of twelve species are reported later in Table 15.53; they form a 
ver>« heterugeneous ^rnup end the vitamin requirements seem unrelated 
tu the ecolntticnl disiribuiion of the species. 

Btfidobacteriu are able lu utilize amrooniuro salts as sole source of 

/ 
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Figure 15.97. Cellular morphology in the genus Bifidobacteriunu Cells grown in TPY agar stabs. A B 
puUorum: B. B. ammalU; C, B. cunhuii: D, B. mosnum; jF. B. subtile; and P, B. minimum. Phase-contrast 
photomicrographs, x 1500. 



'gen. This findint^, reported ilrst by Hessinen et al. (1051), is valid 
lost species of the {;enus, but B. min, B. magniim, B, choerinum 
B.^cunicuti WiW not grow withuut organic nitrogen (Matteuzzi et 
978), {B, choerinum is reported under the provisory name of "B. 
lense" in this paper). T)ie species which grow without organic 
gen excrete considerable amounts of variou.s amino acids into the 
urn: e.g. B. bifidum can produce up to 150 mg/liter threonine, 
r nctive amino acid pmriucer-sare B. Uicrmophtlum, B. adolcHvenlis, 
ntium, B. animaiis and B. infantis. The amino acids generally 
iced in the Inrsest aintjuncs are alanine, valine and osparlic acid 
.euzzj et al., UI7rt), 



Analog-resistant mutants were obtained from B. thermophilum (B. 
ruminate) showing increased production of isoleucineand valine (Mat- 
teuzzi er al., 1976; Crocioni et al., 1977). 

Corbuhydrate Metabolusm 

The fermeiuation of he.xo8e occuis in the genus Bifidobacterium 
through the folluwing sequence of reactions (bifid shunt) (Scaxdovi and 
Trovarelli. 1965: De Vries et aL, 1967. Veerkamp, ISSgb). 



Frucinse-6-P + iP r erythrose-l-P + acetyi-P + H,0 
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Igure 1B,98. Cellular morpholagj- in the genus Bxr^d^hottmwiu 
ells grown in TPY agar stabs. A. B. asteroides: B. B. mdicum; B. 
inmeforme; and D. B, infantis. Phase-contrast photomicrogiapbs, X 

m 



irvthrose.4.P 4 Eructose^B-P i-?^^!^ sedoheptulose-T-P 



+ gIycaraldehyde-3-P 
.edchepuilDse-7-P 

+ gl.vceraldehyde.3.P f^""'"'^' . ribose-5-P + xyMo^e-t-? 

2 :cylulose.5-P + iP "^"^"'^""'"-^^ 2 glyceraldehyde-a-P 

+ 2 acetyl-P + 2H2O 

3 8cetyl-P -* 3 acetate 
2 gl.vceraldehyde-3.P^^i^^^=^-^2'°cu^^ 
2 bexosfi — 3 ocetaw + 2 lactate 

However, the theoretical rotiu of acetate 1.5:lactate 1.0 is scarcely 
•v^er found in Krnwing cultures of hifiriobacteria: phosphoroclastic cleov- 
,«.e ofsome pyruvate to formic acid and ocetyl phosphate and reduction 
,? acetyl pha^phute to ethano! can ofren alter the fermental.on balance 
n favor of the production of ncetnle and .nme formic acid and ethanol. 
;iven X as the amount of formic acid produced, the general reaction 



postulated was: glucose - 1 1.5 + 0.5 X) acetate + {X.O " f /^^'^^^ + 
0.5 X eihonol + X formate (De Vries and Stouthamer, 1968. Lauer and 

Kandler, 1976). , , i • ,i W« 

Glucose-6.phoBphatB dehydrogenase and aldolase are claimed to be 
absent or not detectable, thus niUng out the monophosphate pathway 
and the glvcolvtic system <Db Vries and Stouthamer, 196 1 ). However, 
low but deteciable levels of these two eniymes were found m some 
species fScardovi and Sgorbati, 1974; see under description of apecies). 

The enzymes of the Leloir pathway of galactose inetabolism. lo. 
galaciokinase (EC 2.7.1.6), hexose-l-phosphateundylyltransferase (EC 
0 7.7.12) and UDP. gelactose 4^pimecase (EC 5.1.3^) are constUuhve 
in glucose-grown cells of BifidobacteHum, whereas in other 
microorganisms these enzymes are induced by galactose or 

fucose (Lee et al.. 19B0). , . ,r . t '.q'7q\ 

The existencB of UPD galactose pyrophosphorylase (Lee et aU, 197H) 
suggests that, at least in species of the genus from human sources, an 
alternative pathway of galactose is operative (Lee et al 1979). 

The enzymatic corboxylation of phosphoenolpyruvate to os- 
aloacetate in some bindobacteria from human feces and . from the 
honey bee, has been compared with the corresponding activity m strains 
of Actinomyces bovis and Actinomyces israelii: in bifids this activity is 
Independent of the phosphate acceptor end is irreversible, whereas m 
Actinomyces, it is inosine or gunnosine diphosphate-dependent (Chiap- 
pint, 1966). 
U reuse Actiuity 

Four hundred and fourteen strains representing 21 species of the 
genus were surveyed for their uraaae activiiy. The strongest ureolytlc 
strains belong mostly to B. 5U«. in wWch more than 80% of the strains 
studied are ureolytic. Ureolytic strains were found in all species except 
for B. cuniculi. The enzyme is apparently not inducible; urea and 
or-anic nitrogen do not influance urease producUon. Iji B. ftrcoc anci 
B.^/on^um, i.e. "human" bifid species, less than 10% of ftr'^^/f 
ureolytic and B. bifidum is only weakly ureolytic (CrocUni and Mat- 
teuzd, 1982). 

Anaerobiosis 

Biridobacteria are anaerobic mioroorganismsi they do not develop hi 
plates under aerobic conditions. However, the sensitivity to o^gen 
is different among different strains and species, and its mtunate 
reasons are equivocal (De Vries and Stouthamer, 1969). WhUe most 
species do not develop in slants incubated under an atrooBphereof CCV 
enriched air (air 90%; CO, 10%) B, giohosum, B, thermophUum and K 
sum do so without the cells becoming catalase-posltive even if hennn u 
added to the medium; B. a5feroidea grows under these conditions and 
becomes catalase-poaitive; B. mHicumbehaves simaarly. but is cataUse- 
positive only if hemin is added to the medium (Scardovx et al., 1989; 
Scardovi and Trovatelli, 1969; Matteuzzi et al., 1971). . 

Nitrate Reduction 

Bindobacteria are generally claimed not to reduce nitrate. However, 
cells grown in the presence of lyeed red cells may be capable of nitoate 
reduction. Cytochrome b and cytochrome d are synthesized binder iiie&B 
conditions of growth (van der Wiel-Korstanje and De Vries, 1973). 

Enzymes Used for Species or Group Differentiation 

Fnictose-e-phosphate phosphoketolase is the characteristic key 
enzvme of the "bifid shunt" Tested with fmctose-e-phosphate as 
substrate (see below), it is apparenUy absent in anaerobic Gram- 
pusltive bacteria of '•pseudoblfid" morphology, U. Arfhrobactcr. Fro- 
pionibactcrium, Carynebacterium and Acanom>Tes (Scardovi and Tro- 
vatelli. 1965). , , . c "oc-D-Dtr u 

Starch gel electrophoresis revealed three types of F6P±'ii. an 
bifldo-bacteria (see Table 15.50) (Scardovi et al., 197la): the most 
anodal wns detected in species found in the intestine of l>o««yJ>^^^ 
the ryiie found in species from humans {human type) migrated less and 
the least anodal type chamcterizsd the species found in animals {animal 
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type). F6PPK £rom B. slobomm {animal type) and B dentium (h,ur,nn 
type) hove been purliied (SgorbaU at el.. mC). The cSUeTo^ 
properties s milar to that found in Acetobaoter ^UnZ 
(Schramm et aL. 196B). and is aJso active toward ^cylulose^^P ^1,^ 
human type has different properties (activators. pH range of activ- 
2!' we).""" ""'^ *^ctos;:6.p7sfortatf et 

These ecological groups of Bifidobacterium species were distinguished 
also on .mmunological basis (Sgorbati and London. 1982. see below) 
Isozyne patterns could also be used to identify species. Isozymes 
Tlht^r m "^nd 6.phosphogluconate dehydrogenase (6PGD to 
Table 15.50) were atud.ed by starch gel electrophoreais in 1206 strains 
belonging to each of the 24 species (Scardovi et al.. 1979a). PoSn 
isozymes of transaidolasa and 19 of 6PGI) were Identified and num" 
bared.- patterns or zymograms were obtained for each species (see Table 
15.50 for relevant data): 60% of the strains could be Identined on Uaat 

basis of the electrophorehc behavior of their 3-phosphogJyceraldebyde 
dehydrogenase fScardovietaL, 1979a). "oeayae 
Antisara against eight purified transaldolaaes further established 
natural re at,onsb,ps among the species (Sgorbati. 1979; Sgorbati Z 
Scardov,. 1979: Sgorbati and London. .1982). Transaldolaaes selected 
on , basis of their electrophoretic behavior (see above), were from B 
in,. B. angulatum, B. globosum, B. thermophilum, B. mis, B 
ci. -A B mnmum and S. asteroides. On the basis of microcomple- 
..fixation data the mdices of disaiolhirity and the imaunolorical 
distances v^rredeterminedj the results, in terms of tasonomle distSs 
are shown diagranunaticaUy in Fig. 16.99. ""wnces. 

ef'^'' into four distinct clusters which 
cotac.de so nestiy with the groups which can be made on the basis of 
Sta C '^SSe^ts that a "subdivision of the genus 

mstoiy (Sgorbati and London, X982)» 

b Tfu"^ ^'f''^ transaldolaaes cannot he distinguished on the 
?^nifv J^' P^^^eters such as molecular weight, substrate 
ifTmjty, pH range, acceptois. etc (Scardovi, impublished). 



Plcuimidx 

.Jlt^^f \!f'' "P^^^'-'^finS the 24 species of the genus were 
L^Z nl ^/ T"""' -205-. of them were found to 

conta n plflsmids. However, only four species have these element 
TrBl T'""":^'' predominant biHd species in the Z^l^^' 
me. J. ^/o6o«im. the most common bifid in animals, and B. astenU^s 
and B_ mdicum. specias found exclusively in the Intestine of honey 
bees, a tenjum strains have multiple-plasmidpattenM (1.25-9 6iST 
B. s/oicmm strains contain one plasmid each of three ctoseT of 
mofecular weight (13.5. 24.5 and 46 MDs); multiple patted Selen 
m B ostermdes (1.2-22 MDa); 60S ofib>pl«,Ji^^S indLZ 
solates contained one 22 MDa plssnrfd (Sgorbati et al.. waS) It fe 
noteworthy that B. in/entis, the species most closely reS to s 
tonsum. does not contain plasmlds. although strains of both specie 
were isolated from the sune specimens. No phenolypic properti^hav^ 
been correlated asyet with the plasmids (S^rhati^ al! XT 

sti^. . „'?^T''*'"l'"^"'^-'°'^*"™""'«i»«f««h°«oloeaus 
structures ody. whereas the fourteen patterns found b B. 

are structuraHy more heterogeneous (Sgorbati, unpublished) 

P °/f /"^S""* "''erate phage particles after UV or mitomycin 

(sSE^ss^dr^^''"""""*^^*^^ 



Resistance to Antibiotics 

Resistance (with respect to achievable senmi levelsl to ki,r.«m«rM-« 
streptomycin, polyznyxin, gentSfS ^^^^^^^^^ 

S O r H ^''^ ''"T -^"^ ^"^^ ^"^^^'^ those from honS 
bees). Oleandomycm, lincomycin. clindamycin, vancomycin, peniciUh 
G ampicUlm, erythromydn. bacitracin, chiaramphenicol andSS 
antom were strongly Inbihitoiy; sensiUvity to tetracycline wetter 
and mtraspecifically variable (Matteuzzi. unpublisheTxLsrre^L' 
extend and substantially confirm those already reported t^^^^^ 
m^IyB. ttfidum,B. lonsun^ B. adolesce J mie^^^ 
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• .vowfore exhibits uniform sensitivity 
The genus Bmoba'^^r^urn^o..^^ ,„,3rd an- 

.varci the most ^;;^^^^^^^Un.myc\n, streptomycin, gen^ 
ISS^SS^^-^ -thin species, ranging fro. 

So or more Mg/T^l °"Si!f„fceUuler proteins (polyecrylamide gel 
The elecuophoretic patterns of ""^^"^P , , igao) was used to 

Blonging to ell known species f *^^^^"r;-^,,3sir>cBtion of the genus 
3und between electrophoret.c data 'j'/^^.d (B. caryneform. 

r«n-d here., on tWs ^'^^^^^X^^o^Slor previously recog- 

'^•ffpUdurewasc— aaoneom^^^^^^ 

unSown bind isolates. In adiuon « '/^^ band migrates 
.rXe inall bind gel eUctrophor^^^^^^^^^ U is 

,„e same position, ^'f ^^'i^J^f ^fbe « useful indication.tbat an 

Possible Pathcgenkity isolated from human dental 

Most strains of J,ci- ^-^^^^^^^^^^^ ,ita. (Scardovi -d 

caries, this species being *e °t,ly blCd tou ^ 
Crociani. 1974). S^'r\°4^\r;?Sby Pravot in human cUnic J 
Scardovi and Crociam. VW) ^^^^ ,„.fc,o„£i Georg. Kobertstad 

material (Privot et al.. 19^J]-^'!,'"°Xater flf/Wobocteri enksonu 
Brinkman and Hicklin. 1966, (B^^^^^ 

..vHoldeman and MooK, 1970). recoP^^^ ^j^^^^ p^-u^arily from 

human abscesses. Most of the stains stum ^^^^ 
Biavati et el. (19B2). Tngum and fl. br^ occur 

material and from hunum ^^"'^P^'cB ava^i et ai.. 1982). Thus, B. 

SSCiarravt^^^^^^^ 



: Jsolation Procedure's 

. urge vaHety of 
ntbigbindobacteria in ""^^^^^^J'ttood human mOk, liver or meat 
l,eBn tomato juice, sheep " ^'^^'.^^"e^^^^^ see Scardovi. 19B1). 
extracts, avariety P^P""^.!^ j,Sc« or other ingredients have 

In order to improve s=>=="^'*^' ^ j ,g7i). neomycin (Mate et al., 
been used: kanamycin <F'"^!?^*;„i'J^;ionata and lithium chlo- 
1969); paramomycin. ^ITodium azide (Haenel and 

ride (Mitsuoka et al. 1965)-. f*^i°!Beuttow. 1957). The knoxv. 
Maier.Beuthow.l956:HaBn^«dMull^r B ^^^^ ^^^^^^ 

tiridobacteria are resistant ■^^^^" j^^the use of such antibiotics 
intraspecific variations '"^e tl^* t ^^^^^^^^^ ^^^^^^^^ 

would make isolation unreUable At p^^^^^^^^ j^gest 
given to substrates that permit «»^18 ?=tw ingredients of 

number ,f bindobacterie ^^^^Jf.^j^^'lSrformula which in our 
choice arc tiypticase and phytone (BBU «a^^^ 
hands proved to be satisfactory for s lg^^^^^ ^^^^^^ ^^^^ 5 
habitats (TPY medium) .s-. .,^°'L l^^een BO. 1 ml; cysteine 

can be made with the same liquid rnddium ^^^^^^j^.^ 

Petri dishes with vents are .ncubated at^9-40 ^^^^ ^^.^ 
with palladium catalyst, filled with a B« „ ^tots of the same 

H, (or GosPak system). Colonies stabs are kept at 

SSSt^nL^oS^^^^^ 



I „nd uniQue traits shown by some species (fl. 
account of "°^°^7!^J^rum etc.). Cultural and physiological 
„nsuJfltu«, B. ^■?t:Xrb8Cteri8 such as Actinomyces, 

characters are ^ '^""/i'jLS^ 

X-^gr^^^^ss^S^H^^^^ 

=S:^Kr=r- ana succinic acids and 

ethonol """J- . ,,,i,ble characterisUc Bssigning « «»«J««»L'» 
The roost direct ana , . ^ha demonstiBUonof FBPPK. 

thegenusfli/fcfotac'eri-nis^^^^^^^^ ^ beer, 

in cellular extracts. ' ° j'"\ovinB rumen and from sewa^ of 

furnished by (a) 1^°'' P^^^^'^^wr ^'^'^ 

anaerobic bactBtia with *\°'°^„' |ippK (Scardovi. unpublished) 
dobactcria but which /"^^^'^^S % bacteria Qf Bonbtftl 
Vr:ZT^ B SmvS et aU 1974) «.d blEde 

rSSbetilc'afdoeiandT.ovatelMBBS,. 

...o..5-P.osp.ote«ho.e»^er.ePP10T^^ 

• Reagents: 1) 0.0B ^■^^''.^^'^^.'tif"^^^^ 
UtS/jBsolutioncontainingN^^B-^^^^^^^^^ beshly 
l0mE/ml;3)hyWam.neHCU^^^^^^^ I . 

neutralized -th ^-0^ pH G.M) » ^^^^^ j„ ^.l M HCl; 7) ■: 
(w/v) in water, 5) 4 M HU, b) . jj, water. 

. Lctose.6-phospbate(Na «du 70%F^^^^ is 
The formation "j/^^^^l Ph°^Wtt ^ 

1945). 

Procedure ^ tPY broth are washed twice witti buffer 

CelU harvested from 10 ml TPX ^he cells are disrupted 

1) andresuspendad in ^ f^'^'^So Lgents 2) and 7) are 
by sonication in the col^ and 0.26 .J g,.c. the reaction « 

added to the sonicate. After 30 mm i^baM ^ ^.^peratuie 
topped with 1.5 ml of reagent 3)- Ater^ „ay be left 

1,0 ml each of reagents 4) « "f.^S-H^ of i.o.iiil of the color- 
ai room temperature before the fina^ reddish violet color 

Leloping reagent 6). Ir.^'f'v.^a^rStivVLdt. Atube without 

of the enzyme. The starcb-gel honaontnl , 

Hectrophoresii! "^f-ods to ^tec: ^^^nded. 

electrophoresis '■y^^" "^/'^''iS^^ (Tris) 16.3 E «.d • 

Trons^do/asejns y.^^^^^^ i. u«d as brldge buffer, 
citric acid monohydrate a.u B/" «• . 

dilute this 1:15 and use as 6^1 buffer ^ ^td.. WillondiUe, 

HvdT0ly«ed starch. 90 6, tConn»"Sbt boUed for 

Whatman 3-mm paper cuts, we e. 

current of 16-20 mA. „ .„^y„ for stainmg by the floo^ng 

The middle slab is used P/f jf " j „ iqq ml of distilled 
technique. The developing solu mn ""^^gj^,, 40O mp sodium 
water): fructose-B-P (Na sal^ SB" P^^'j „V D-erytbrose-4-phos- 
arsenate. 370 m?. glycine. 240 "j^' " ^^^^^ „ethosulfate. 2 mE 
Shate <60-75r, ^f^'^^'^'^^'i^^^Z about 130-160 Itl of 
nitro blue tetraiobum INBT. Sigmaj. -u b. 

glvceraWehyde.3-phosphate debydr^eni^e^ ^^^^^^ 

'^ •6-Pho«p/.o«/iiLonoMdeM««e"«' '« f ^^' bridge buffer, histidine 
.1 H..0 120 g/Uter (pH 7.0 , buffe^^^^ ^el as 

0.75 B plus NoCl 15 g/httr (pH 7.01 as gei 
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rait. Sigma) 250 rar NADP ''o mo- mbt m «... -u 

fate. 2 mg; dlstiUedwater. sbi ' '^'^ •""thosu!- 



. w..M»Mvir u/ apecie 

The differentioi choracteristica of fchp enaniin, »r d i. 
indicated in Ta.e 15.50. Ocherctl^irS^^^^^^^^ 



O/ffere/j/Zatfor, o/f/,e species of the genus Bifidobacterium 



15.61-15.55. 



List of speciBS of the 

Ail^"'^"T" divided. 
Althougli the cells are highly variahls in 
observed in cells grown m TPY ZT^i some traits 

Distinction of two serovars havn hoa,, 

■^pe sf/nw; Ti (Tissier) (ATCC 29521). 

2. Bifidobacterium Ionium Reuter 1963. 50^ ^ 
long urn. L. neut. acU. /on^um long. 

we branching. (Fig. 18 86^ ""'^^ 
is ^oirrdrsera^lf^^^^^^^^ ^'"^ CeaH„. 

tel 1971). * ^"^^ * ^'^^ adult. 

3. Bmdobacterium infontis Reuter 1963, 502 

sVtxvn 1.!" .J- ^J^A-homology studies ijadicated later that 

fe tuT"l^^^^^ (Weiss and Rettge^) K dleri^^^ 

D «nH It ^ ^ Z ^2 Timberlain isolated by Norris et al 

IZ S^I^^VA'r ''''' ""^-'•^^ OS).' 
'Byea (aj 82,o DNA homology with ATCC 279'30 one of tul 

nl^S Of? ^"'""■^ '•'i '''' ^'^'^ "-"''i ATCC 



ffenws Bifidobacterium 



^^3Jpe,W-ATCCX5697.(S 12. ton. feces ofh„n«ai.^^^ 
Commente on the identification of 3. toneum and S inh„H. a-i.. 

, ^-ta'i^cas.whifhfei^JS^^^^^ - 
were recognized by means of DNA-KSSJSaS^ B^SS 
DNA^homology reported in mie 16.62 Sere obled 

Isozyme patterns for transaldolasB and fiPan j * ... 

andl26atrai„sal,ottedoaSSAt^oSi,^''iS^t^^^^^ 
respective y: 90% of strains of n. i„f^JZ ^jyv'^rias asia^j, iofigum, 

^3^e5.. Migration lOoTrtiiraf^^^^^^^^^^^ 

JtSSS ^"'^^^ ^^^^ ^ 

Bifid strains isolated froffl the fiices of the sucldinB calf could nnt 

conversely B /n W. . ^' » . °^ "fe«nce strains; 

theT^A was l^^^^fu'f"*"? diatinguiahable when 

iisneo;. AJCtiough electrophoresis revealed that ntt fkn^- + « 

thejr estrachromosomal DNA complements. ^ " 

Hnn om . VI ^"^^ •« anodal (isozyme 8 mina- 

isozvm; f 'o.r^r'' an IntermXte poX 

Agricultural Microbiology:Si^,^l«^^^^^ "''"^ ^ 



4. Bifidobacterium breve Reuter 1963, SCP 
bre 've. L. neuL adj. brvue short 

infanrfhi ll n?^ ''=°'-'=d from newborn 

ind .oH . r "l^P""* *'"«'ri«'"'=d to those fermentingmannitol 
and sorijitol: two biovara o and b different to^vanis melezitose were 
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.o.mi«d (Reuter. 1963). SerologicaDy related strains isolated from 
SoXinfUand which did not ferment mannitol orsorbitol 

^^rreS to e separate species, nan^eiy "B. paruutorum" (Beuter. 

'^Sttins S50 (ATCC 15698). type strains of "B. paruulorum" hio.si 
n mic tATCC 15899) "J. paruulorum' biovar 6. and strain S 
-• TtccS U a li'e bi'ovar f ware 88. 94 and Bf-^spectiveiy 
,. on DMA homology to strain SI (ATCC 16700). type s r«n of 
« 6r"u.' biovar a; other DNA homology testsproved the genet.c identity 
.,r the cwo Reuter's species (Scardovi et e).. 1971b). , » j 

" on the bnsis of DNA homology B. breve is more cto«ly ^ 
bo?h B and B. Icngum then to any other species of the genus 

(40-60% homology). including a few strains 

^":'iSeanVS a, idenSbJ^NTDNA homology 

J., oercent of the strains had unique zymograms and 26% displayed 
"m" iogram as B. coryneforme, a bifid found only m the 
. nfthe honeybee (Scardovi et al., I979a). 
'"S"»^lfi ATCC 157M <S1 from feces of hun^m infant. Reuter. 

1971). 

6 Bifidobacterium adolescentis Heuter 1963. 502.^' 
aicen'tis. L. n. adolescens: M.L. gen. n. adote«enti. of an 

"'^ThTceMar morphology la common to that of many other species of 
ihJ-enu (Fig. le^BD). Reuter (1963) named as B. odoteM those 
„r^e- eLntingbifidobacterie he first found to predominate along 
r^hZm in the feces of human adults. Four biovars. a. b, c and 
C^Sd t^eXtatton of sorbitol and mannltol. and were serologi- 

"'ItSStewSkarexegulariyfoundinman^ 
as'^S^r. fratTnt in sewagfjscardovi at al. ^^^^^^^''^ 
unp6blisb.d). Reuter'B biovars b and d. namely those which do not 
ferment sorbitol, cannot be distinguished phenotyp.cally 

"m (see Table l6.6«! however, transaldolase isozymes n.'^«t« ^ i 
entTy i.e. B. dentium isozyme 4 migxates 100. wMe that of B. adotes- 
cmla (number 8) migrates 87 (Scardovi et al.. 197^ • 
The PAGE procXe can be used ""Itertiatively (Biavat. et al 19B2). 
rj'v stinin.- ATCC 16703 (Bl94a from feces of human adult. Heuter. 

•.'JTJI. 

6. Bifidobacterium angulatum Scardovi and Crociani 1974, 19.-"- 
on.EU.la'tum.L. Part adj. wifiu/atus with angles, angular. 
Cells grown in TPY agar stabs generally and charactensticaUy ^ • 

posed in V (angular)- or palUade '^?"8V'"'"1.,'"'nhlnl TWrmor- 
leria; rartly enlarged at the extremities; branching f/^"^ ^his mor 
phological type is unique among biHdobactena (Fig. le-Se^"). 

Anaerobic but more sensitive to 0, than most b'^dobacteria (meas- ^ 
u,e.l bv the depth of growth in stabs). CO, does not affect this 
..•Msiiiviiy but it strongly enhances anaerobic growth. 
Firat isolated from adult human feces and then found m s«w«S=- 
7'jfpc strain: ATCC 27535 (B677. from feces of human adult, Scardovi 

and Crociani, 1974). ^ i..^ i ._j „„„ 

Twenty percent of strains of B. angulatum ferment M^itol and cm 
thus readily be distinguished from other species fermenting this su^r 
(Tuhle 15.55). Most strains do not ferment sorbitol and so could be 
cunfused (m the case of doubtful morphology) with B. Slobosum, a. 
Avcudolongum and sorbitol-negative strains of B. pHudoeatenulatim 
(wm calf feces (nearly half of the strains from this source are inactive 
H.v,;.rd sorbitol: Scardovi et al. 1979 b). B. angutuum posse^es the 
nnodnl transaldolase (number 5) in respect of the named taxa. 

7. Bifidobacterium cntenulaturo Scardovi and Crociani 1974, 

IS'"' 

ca.te.nu.la'tum. ML. adj. caienuiotiwi hnviog ..^^..^ 
Cells grown in TPY agar stabs are generally and charactensficaUy 
arranged in chains of three, four or more globular elemente. The d«tal 



ends of the chains are usually tapemd. Distinct branchings, club-like 
swellings or spatuta-like extremities are tare (Fig. lS.9bA) 
Anaerobic CO.. without effect on 0, swisitlvity or anaerob.c growth. 
RiboHavin and pantothenate required for growth. 
Although most strains of B. cotenufotem fiirment sorbitol but not 
ma^li;imilartobiovarcofB.o^tete«e„ti. 
(see below), thev can be distinguished from the former becaiae tney 
lerment melezitose and from the latter because they do not ferment 

starch (see Table 15.55). 
Found in feces of human adult and ir sewage. 
The moT% G + C of the DNA is 55 (T.). This U the lowest value 

''CiS°iT"c2^^^^^ 

"worsiSJof tie species show DNA relatedness to B. odof^ce^ 
irefer7nre DNA from strain E29Bb ATCC 15705. biovar c of Reuter) 
n lhe rslga 30-57% (Scardovi and Crociani. 1974): B. catcn^ um 
hould «nsidered (as also should B. psetdocotemitatum. see below) 
to be more related to B. adolescent^ than to any other spec«s of the 
genus on this basis. 
•■■■;8:Bif.dobaoteriump8eudocatenulatum Scardovi. TrovateUS.BlB-: 

"ps::l':a"t^^^^^^^^^^^^^^ Or. adi. pseudes false; L. adj cotenujatu^ 
spS eprthet; M.L. adi. p^eudacaUnulatmn the felse (3.) .Btenufo- 

'"ceU morphology Is one of the most variable among bifidobacteria in 
that it sh?w° iShly diverse traits ^cording to strain and ongm; 

*'wi''cri^' without effect upon sensitivity or anaerobic 
^Ritonavta. pantothenate and nicotinic acid required for growth ' 
•^SSfermented by aU strains found in the feces of 

by eSS^ of those found in calf fi=ces. The sorbitol '"'"'"'^f. ™ 
««. b« distinguUhed from B. odotecentis strahis because they are 
a^leSosSeSe and from B. aUenuhtum because they mvanably 
feS st^ch The sorbitol-negative strains of this species (so Im- 
I M nnwTn calf feces) can he distinguished from B. glofiosum or B. 

S^£i::::'s?cS:LTlinca."^^^^^ 

not only^ the basfa of different moipholoB;. but also by means of 
their transaldolase zymogram (see Table 16.50). 
The mol% G + C of DNA Is 67.5 (T.) (see Table 15.60). 
?J SnA of this species is 46-8896 related to that f - «^»"^^ 
but is virtuaUy unrelated to that of any other species of the genus (sei _ 

^rsSurft'^^Sbridgeofcellw^^^^^^^^ 

'"Kpl tri?crMr^» fe«s of hum«i .fan. 
'=S:111io-\'51-co.enu,a«mfroma 

U no doubt that these two species «e «;^»«>y J,!?- '"Ja Se>^ 
theirDNAhomology.HowevertheGH-C^nt^tof^^^^ 

bv 3 molfc (see Table 15.50). the same difference whicH ^^/^^ ° - 

B. sZsuL and B. pseudolongum (see below); r^^^'^^^T^, 

shoL genetically to be ^.''^^'^ZTbV-^^^'^ 
whereas strains «cugn««dbyDNAhoinotoE^Ma.P« . 

ferment these compounds: B. '"'"^'"Tj^f^^^, fl. eaten- 
acid for growth as does B. "^'^^^ 
utalum has so far never been 'l'^^^ pfeudoco. 

Forty-one strains ofB. caUnuhtum and 120 '^^'"■^''i 
tenutlm were studied for their *"^^^''^iZTm^e'^tW 
content. The isozymes of these t^a 'P^.2^^7T^of 120) 
(see Table 15.50); the few B. psrudoco^cnutom f^»" „rfl. 
which possessa transaldolaseelectrophoret^MUy We^^^^^ 
catcJatum (number 5). display a much mora anodal wn,u 



I 



c 



ri. ^ 

to 




is si 



a 
3 



o — 



E S 1: a S 



S 



||i|iljs5 



c 
o 



u a 

O O Q> 

s s I* 

lU OJ o 
(&1 CO 



S IS 

Q 



CQ 



*j P IT 



-w ^ -L» 
'■S tX9 uS 

.53 w -1 



■9* 1 ^ 

A* I t-« 



1° 



a 

to 

< 

Q 

I 

O 



in to to 



3 



CO iii 



^ a 



CO 



CO 



J 1 

£ 5' g. 
o o 3^ 



.1 I 

CO -5* 



a 

a 

? 
O 

I 



o 



CO 



E 
o 

i 



s 



I 



o 

I 



•Si 

•s 

a 



Co ^ 

S 5 



0) 



g 
I 



S 
I 

00 



C3> 

at 



-2 JS 
< < 



«2 
5 



r 



JS « 

< < 



5 5 CQW Q 



-4 

5 
o 



5 



5 
o 



19 



EE 
o o 



o 



2 2 o o 

»H fH fH 



s 

I 



-2 

9 

« . 
CO 

Q 

1 



< Q 



o 



E 
o 

I 



O 01 

S OJ 

o ^ 



< 
? 

o 

J 



510 



1 



03 
pi 



03 03' 



^1 
03 



c = C E 

01 c: fi^ 

2 00 



03 OJ 



03 



142B 




u is , 

C *u u. ""^ 

.£ § ^ S 

5. • S .a 

y 0) p. o 

2 3 S '*§ g fa 

<J 5 m o 

c c 



'-3 t« 



s 

o a 

c 



0) r 



e 

E 



CO ^ 

Q 



ll 

5? « 

o - 

•0 



5 

a 

in 
o 



li 



c 

QJ 



U 
Is 

.5 *S 

o i3 

C w I 

Iff 2 

S i ^ °2^s 

-a i - - " ^ 



c 
o 

o 



♦a 



I 
o 



.5 o o 



i c ' 

1^ 



-a .2 ^ K 
g ^ o :S « 5: o„ 



, ^5 Q ci 



el g^s^ 

t I ta 



s w 

^ t- V| 'S S o c: ^ 

® hi E 1 c 



*^ 
CO en 



CO 



> P 3 c 5 



■s 5 j>. 2 ^ § 



ffl 
c 
o 



a 



£ 



eg 

c 
*5 



g 1 



■5 5; "5 " z 3 

c o e ^ z- *° 

e -S 5 « a ^ 



to 

o 01 



p. a 



< 

I 



bit 



l3 « I B I i 

g I ^ s s 



S 
o 

5 



■p-'o «j ?y - 



o 5 



:3 IJ 



p 



' a. fa 



1! > 
5 '> ^ 



no 



3 a .£ 
Cu y . w 

^ CD S S SJ 



, ^ o 



w S p 5J 
« ,2 5 -5 
c 



CQ C3 
Si ht 



1 4 s 

I tn 

u 



S 2 •? -a c 

= « 5 5 5 £» 

i g c: H « s e 

.i- ^ o P 8 g c 



c 5 o 2 5 ^ 



c 

I'S'^uiwPpoeo 
I. it o->^ • 



„ J • .1 H!79iil Although some data suggest the 
(Table 15.50). Scordovi 6t ^' /V^' • '^''"""f ^i. ig79b) like those 
Ut««ce of -intermediate- strm^ W^^ 

found between B. tewum and B. "^^^ ^ igas,. it is 

PAGE procedure gaye --^^^"I'^^Z.^lrt^.s.im.U^^^ 
advisable at present to mamtain the rank sp 

9.Bmdobacterlun.dendutnSca,^^^^^^^^ 

^^=:CO.d«s„otarre.se^^^^^^ 

A number of blTid strains ^''''".'VXno^icaUy assigned to B. . 
of human adult and human ^'tiSS-denSum-DNA 
od.te.ceatt.werer«trecogntMd^am.mBad^^^^^ 

homology group. t°g«her v,^' stta.^ b. oppendW^is. The 

(Beerens et ^L, 1957) and Btram ^^fgi^^ Zte6n.ss to fl. 
species B. denta^'n (Table ' |«« ^^'^ ^„ ^ of the 
odntecentts. but is related "^^'J^^^tCC X5423 and ATCC 

^TSmttSeslil^^^^^^ ■ 
*'?,;rrATtcS^^>nHaman^^^^ ' 

-js^rof.^^^^^^^^^ 
rr.r;n:ro;rre:^?it^^^^^^ 

under B. adalescentis). , 

. xo. Blfldobact^Uun f ^^^^j^ fj^.^srsS^^^ 
and Sgorbati 1969) Buvatu ^^.Y^li^tangam Mitsuoka; not 

or catalase-Uke activiftf (h"""!'- . j^u^ ^luiied for enaer- 

and only rarely arabmose f^j"- J^^^'^j recognized as B. 

strains were subsequently ^°^f''^ .^T^'^g^n Many other strains 

fructQSe (Scardovi et al, 1979b). 78-10696: lelatcdness to 

fotraspecir«DNA homologies «ngedfi«.m 7^^^^^^^ 

reference of B.pseudotonsum varied w tte ^^^^^ 5. 

8l.. 1971b). Hange 50-67ro of homology was obs 

fitotoum and B. ^'''"^^^If^J^,;^, entyme fructose-bispbosphate 
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TabJe 15.51 

2, B. longum 

3, B. infantis 

o» ^. QdolescerUis 

6. A angulaturn 

7. A catenulatum 

8. 4 pseudocatenulatum 

9. A dentium 

10. B. globoaum 

11. B. pseudolongum 

12. B. cunicuU 

13. 5. choerinum 

14. B,animalis 
16. B. thermophUum 

16. 5. 6oum 

17. fi. magnum 

18. B,puUorun 

-JO. 5. minimum 

23. 5. cofynefarme 

23. B. osteroidcs 

24. jB. indicum , 

"Symbols: see Table 15.25, 

"ndetectabla in some st^kbe L S V ? dehydrogeMse, 
dependent (Scardovi an1^gorbK9?J)'" ^^DP*' 
Zymograms of 103 atrains of fi 

6PGD isozyme 6; four otber^Qn ^"'"^'^^ ths 

including those of ^6^0^ c^a^r^^ttT"^^^^ 
thus further indlcatingX S^"f?h/'''"- ^^^"''"^nff^m. 
™, Of Which wasp^po..dTB?av?ti'et^^^^^ 
fo.- •r^aLt^r'''T r^''^ '^^^ '^^^^^ ^« MDa, were 

-^n..in.e.eel„e„^fte;rLr^^^^^ 
I.. 1969). ''ovuie rumen. Scardovl et 




Sttut'cr ^/-d"'?"^ Mitsuolca 1969. 60.- 

^ J^grown u, TPy agar are ao^hologicaljy identical to those of A 

^t::!!^:^"^;'::^::^'^^'''^ "^na strai.. 

from s:rainror J r 

«uol<a. 1969) Pn"VL'."."r"r from the same sources 

» Of differences rti^le~r- ' on the 

meleziwse mZo^Umi """"lose 



J. striis%OTSe? 

&o'rSrS- ^^^^^^^^ 



^- and A. p. J 

these two species. The inter^erH^^^ distinguish between 
i'as the same stnjc(«re A? '^•. ''f''."^*^' P^P'idogJ^ 

the two specief^hS ± 'I- ' ^^ajed bv 

content of G ■^- c Ll^ on^r^^'''}.^ ^ different, 

homology and the DNA h . "ciprocal DNA 

PAGE JctLr ?r«SS^^ ^P"'-- ^ cUsti^c^ 

groms and (e) difference! nCJS* . ^P^D zytno- 
homology. £. Woiosjrr^M^f "niplement. On DNA 

"""" " 



US 5 

iH o 

J 5 



STn.v *g -61 

u/ni/!nnii 'g '^i 
tz/noq 'g '91 

iirnutJaoi/9 'g 'ei 
Tjnjtuna 'g "SI 

xunsoqojS 'g *0I 

vmpusp -g '6 
umjo;nuDjDJopn35c/ 'g '9 
u/n}£r|nud;iu 'g *{, 
wrj}n}nSvv "g 'g 
apuoss9iopo 'g *9 
anajq *g 

siniojut -g 'B 
U/Tf5H0/ *g •& 



"3 «0 Tl U 

lo o tn in 



CI 



C3 lb W CO oi 

Pi 1-4 f-( ♦-« 

^ o lo CO o 



o o o o 



o o 
in o 



O U3 



q lo 



0 0 0*0*00 
r-» O t-« 



8"^ S 



O 



p CT» « CO ;^ O W 



O CO 


d o 


o o 


CO S 
CO 




tH 






o o 

CO CD 


O ^ 




Qi o 












-TT 


O 
CM 




CX> CO 




o 

moo 




CD Oi 






o in w 

"? t 7 


O 


to o 

1-H lO 


i£3 O) in 





CO 

o 

o o> O 
o o o 



"B «0 'O *» "O 

o o o 00 ^ 

^ iH rH 



CM • 
IT} O O CO U3 
^ 1-4 CI Ot CS 



— — rO 

o o 



o o o o 



Q cjj o 1b 
lo C4 eg 



aiOOOIOOO 



Ol O CO 



J. 



LO C*4 lO o o o 
S M i-i S C3 

lO CO 

t I 

I S W c5 CM CNJ 



- IZ3 
O 

O CO 



ci _ 



o o 



^ n 

» ) I 

O O CM 

g o r- 

-r 7 "? 

O O CM 

CM w 

O O 



to 



2 





T-t 

o 






o 
tn 


: 

c* 


o 


CVJ 
04 


r-l 

o 
*T 


T 






in 
c*- 


O 

m 


o 




o 


C*J 







04 CM 

n c» 



in I 
c5 




1429 



^ u 



e o 



: -t: ^ S 



c ^ E £ 



•§ r 



; 3 -s i < 




1430 



SECTION IS. IRREGUUR NONSP0RIN6 QRAM-POSmVE RODS 



+ 
+ 
+ 

+ 



+ 
+ 



Pyridoxine Thiamine 



Table 15.53. 

Vitamin and growth {actor reQuiremen t of some species of the genu. Bifidobacterium'.* 

Species Riboflavin Pantothenate Nicotinic 

acid 

1. B. bifidum' ' 
3. B. infantis* 

5. B, adoiescenti^ 

6. B. angulatum' 

7. B. catenidatum' 

8. B, pseudocatenulatam' 

9. B.dentium' 
10. B.ghbosum' 
15. B, thermophilum' 
IB. B.pulbrum' 
19. B.suis^ 

23 > B. asteroides^ 

• Data from Trovatelli and Biavati (1980). 
Symbols: +, required; not requu-ed. 
'Ten strains, type strains included, were.studied from each species. 



Folic 
acid 



P*AniinafaenzDie 
acid 



Biotin 



+ 



+ 
+ 



+ 



+ 
+ 



Only stimulatoo^. 
'Data froro Matteusaa et aJ. 1971. 
'Data from Scardovi and Trovatelli, 1969. 




1. B, bifidum 

2. B. longutn 

3. B. infantis 

4. 3. breve 

5. B, adolescentis 

6. B. angulatum 

7. B. catenulatum 
6. B. pseudocatenulatum 
9. B. dentiutn •* 

10. B. gbbasum 

11. B. pseudolongum 

12. B. cumcu/f . . 

13. B. choerinurn 

14. B. animalis 

15. B. thermophilum 

16. B. bourn 

17. B. magnum 

18. B. pxdlorum 
'9. B. J«t5 

J. B. minimum 
21. B. 5iiift7c 
■ *?2, B. CQryneforme 
jl3. B. asteroides' 
24. B. Indicum' 

" Symbols: see Table 15.25. 
^^Few strains do not ferment this sugar. 
^ When positive it is fermented slowly. 

Some strains ferment this sugar. 
'Some strains ere negative, especially from rat and rabbit feces 

oome strains from piglets are positive. 
'Some strains can ferment wealdy. 



LTs shoLT electropho^ 
resis should be used. With this method strains of B. pseudolonBum 
jermenting melezitose (such as Mitsuolca's biovar c) can be promptly 
.ecognized as such mstead of ascertaining the isozyme of tronsaldolase 

'ee mie 15.55?°" Phenotypically veiy similar B. animalis 

^ 1979'307^°^^'^'"°' Trovatelli, Biavati and 



Generaliy delayed or slight fermentation. 
Some strains from sewage ferment this sugar. 
'^Some scrams are weak fermenters, 
^ Reported "sometimes not fermented" (Matteuizi et al. 
Sugars mdjcated "d" gave mostly erratic results. 
Few strains do not ferment pentoses. 
"Few strains ferment this sugar. 



1971). 



r:Z ^ "-n^.?'"^ L een. n, omicu/f of the rabbit. 

that of b'^ZJ" ' '^'^^'^^^^ "^'^ -^^-^ to 

Trn Lit ^ r '^'^ f • P^^^^olongum. However, the short knobs or 

gro^t^'' "° '^'^^ °« sensitivity or anaerobic 

I. « ! ""^ characteristically not fermented. Fructose 

is regular y fermented but only in prereduced media. 
Transaldolase isozyme 1 and 6PGD isozyme 4 were found in seven 
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T.w; 1 . , ,.f---- -' "■• BM"J!!iSiS!SS^ 



6PGP 



TronsoldolnsB 



SUggssted 
apedes 



E. adolBscentis 
£^ pseudocatenuhtum 




' Unlike B. cuU. some strains of S. ioivum oo n 



3t«lns studied by Scardovl et aU Ti.s pattern 1-4 U .ni.ue 
among bifidobactena. ^ of 3. g/ofeosum 

(reference strain RU230-A 1 

al., 1979b). , distm<misbed from tbe morpho- 

logicBlly similar species B. «'°J«r;fb^fSs because unlike these 

the same source. 

,3.Bifiaobacteriu.choerinu.Scardovi.Trovatei.i.BUvatiand 

^SilL.di.c.o.^ .Uh 
Cells ^own in "T^^. ^^^/^ ^g^bo L I" ''C.-'i 

Ho^xrtior.^^^^^^^ 

^nSns'^oTrsS^^^^^^^^^^^^ — 



arabinose and sorbicol cannot b.^^*'^^'^ " ""^ ""^ ^ - 

Se «ol% G -f C of tl,e pNA^^^^^JiUdi-6a% to the DNA 
The DN A of this species .s f «^26^«>fl ^ ^^^^^ ^^i^^^a. 

r^o.«vtr-^^^ 

"^Ibie 15.51). These th»e spec.es an CJ^^ti^ ^^^^^^ 

piglets. The distinction between t''*",?^"^?^ that of B. choerinunr 
Sase electrophoresis: the most anodd ^oz^^^^^ 

(migration 100). the least '^f^Xr^.^t^^.Ta. bourn (isozyme 

miration 84) and an '^^''^'f^'^y^J^'^olBom^V^-^'^ 
m^ation 90). AlternaUvely. PAGE patterns , i 

ltBir.dobacteriu.anirna,isn^s.o,«^^^ J 
vntelli 1974. 26.*'- (fli/Wo6octeri«m longum soosp 
Miisuoka 1968. 60.) 
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an.i.mal'is. L. gen. n. of on onimal 

BifidJi isolated from feces of the coif, shsep, rat and guinea pig. 
phenotypicalJy very siroilar to B. longum, but inactive toward melezi- 
tose, were referred to a subspecies of B. longum {Bifidobacterium 
lonsim subfip. animalia Mitsuolca 1969, 60). Two biovars a and b were 
distinct: biovar a mannose-negatlve and biovar b mannose-poaitive 
(Mitsuoko, 1969). Miteuoko's strains RlOl-8 biovar a (ATCC 25527} 
and ClO-45 biovar b were not related to B. longum on DNA homology 
but one of them (010-46 biovar 6) was genetically B. pseudohngum 
fScardovi et al. 1971b), Strain RlOl-8 was subsequently allotted to a 
DNA homology- group of bifida isolated from chicken, rat, rabbit and 
sewage and proposed as a distinct epeciea (Scardovi and TrovatcUi 
1974). 

Cells grown on TPY show charecteristical'ly the centra] portion 
slightly enlarged (Pig. 15.97B), branchings can occur to form cross-like 
aggregates of four ceils distally inflated. 
Anerobic. COj has no effect upon O5 sensitivity or anaerobic growth. 
Transaidolase and 6PGD isozymes possessed by this species (isozyme 
5 and 8 or 9, respectively) give a pattern shared with only few strains 
of B, catenulatum (see Table 15.50). 

PAGE proteins pattern is distinct from that of all other species 
(P 'ati et al., 1982). 

Jctose-bisphosphate aldolase and gIucose-6-pbosphate dehydro- 
genase demonstrable (Scardovi and Trovatelii, 1974). 
'he mo\% G + C of DNA is 60.1 ± 0.3 (7;,). 
DNA unrelated to that of any other species of the genus, 
Found in feces of rat, chicken, rabbit, calf and in aewage. 
r>pes^rcfn: ATCC 26627 (RlOl-B from feces of rat, Mitsuoka, 1969). 
Comments, B. animalis is readijy differentiated from other species 
found m animal habitats and which ferment arabinose and xylose 
(namely, B. ghbosum, B. pseudabngum, B, cuniculi, B. ' magnum, B 
putlprum and B. suis) by lactose end saUcin fermentation: if a strain 
ferments both sugars it can be retained as B. animalis {B. pullorum 
among the listed species, ferments saiicin but not lactose, see Table 

15.54) . -Human" species which ferment pentoses but not starch, such 
as B, denttum and B, adolescentis, can be distinguished from B, animalis ■ 
by the absence of gluconate fermentation in B. animalis (see Table 

15.55) . 



DNA homology indicated 27^0% relotedness to B, longim but no 
relation to other species of the genus. 
The mo\% G + C of the DNA is 60 iT„) 

imi '''''''' ^^^^ '^^^'^ ^^-'^^ ^'"""^ ^'^^ ^^^^^^-^^ Mitsuoka, 

Comments. To distinguish between B. thBrmophUum, B. hoim and 
B, c/iocrinum, see under B. choerinum. 



16. Bifidobacterium thennophilum Mitsuoka 1969, 59.^*^ 
ther.mo'phil.um: Gr. n. therms heat.- Gr. adj. philus loving; M.L. adj. 
^/lermop/iifum heat-loving. 

Mitsuoka (1969) gave the specific epithet to strains of bifids not 
fermenting pentoses which he isolated from the feces of swii^e and 
ch- -n, owing to their abUity to grow at 46.5'C and to resist heating 
fo* 'min at BO'C. Scardovi et al. (1869) named strains not fermenting 
pentoses or lactose which he isolated from bovine rumen, as "B, 
;nale. " All experimental comparisons have demonstrated that these 
two species are identical (Scardovi et a)., 1971b; Scardovi et al. 1979a- 
Biavati et al., 1982). 

Cells grown in TPY agar stebs are long, slender, cun/ed, arrojiged 
singly or in pairs, never in clumps; this morphology is shared by many 
other species of the genus. 

Four biovars, o, ^. c and d were distinguished by Mitsuoka (1969) 
according to differences in the fermenUtion of melezitose and lactose. 
Similar differences were found among strains isolated from the bovine 
rumen, feces of calf, sewage (Scardovi et al, 1979b) and feces of the 
3iglet (Zani et al., 1974), A few strains genetically assigned to B. 
'.hurmophilum which fermented arabinose and xylose, were found in 
lewage and in piglets (Scardovi et al., 1979b). 

Both B. globosum and B, thermophilum con grow in 90?b air + 10% 
..O3 without the cells becoming catalase- or pseudo-catalaae (hemin)- 
lositive. 

Growth factors required are riboflavin, pantothenate and pyridoxine; 
ases are not required; ammonia is an optimal source of nitrogen. 

Fructose-bisphosphate aldolase and HMP deliydiogenases are alwavs 
resent in cell-free extracts (Scardovi et ol.. 1969). Aldolase was spoV 
:xiined after electrophoresis (Scardovi and Sgorbati, 19741. 



1979' ^Jg^f,^^''''**""^ Scardovi, TrovateUi, Biavati and Zani 

bo'um. L n. bos a cow; L. pi. gen. n, bourn of cattle. 
A few strains were isolated from the bovine rumen as morphovars of 
B. thermophilum ffl. ruminale) (Scardovi et al.. 1969); later their DNA 
was found to be nearly 7095 related to A thermophilum (Scardovi et 
aL. 1971b). Subsequently, other strains firora the bovine rumen were 
essigned to a DNA homology group IV, 65-75% related to B. thermo^ 
philum (Trovatelii and Matteu izi, 1976). 

From a large number of animal strains surveyed by DNA-DNA 
hybridization, 36 strains from the mmen and 5 from piglet feces were 
allotted to the new species B. bourn (Scardovi et al, 1979b). Cells grown 
on TPy agar are In general more irregular than those of B. thermo- 
philum, and vary greatly with strain. Most branched forms are seen in 
cells grown in air -H CO2. 

Although B. bourn does not ferment melezitose, celiobiose, trehalose 
or mannose, and thus has a more stable sugar ferraentation pattern 
than B. thermophilum, the fermentation pattenis of the two Bpecies 
are often the same. 

Can develop in 9095 air + 1055 CO5 without cells becoming catalase* 
or catalase-like (h8min)-positive. 
Requirements for growth factors are unknown. 
FructOEB-blaphosphate aldolase and glucoae-6.phosphate dehydro- 
genase present in ceU-free extracts as with B. thermophilum, • - 

The DNA homology relationships between B. bourn and B. thermo- 
phUum have been studied extensively (Scardovi et al., 1979b) 

A range of 36-7495 is reported for the DNA relatednesB of B. bourn 
to B. thermophilum (Table 16.52); unrelated to any other species in the 
genus. 

Transaidolase isozyme o( B.- bourn (number 6) is cleariy distinct 
electrophoretically from that of the majority (9395) of the strains of J3 
thermophilum (number 8). 

The PAGE proteins pattern of B. bourn is distinct and easily distin- 
guishable from that of B, thermophilum. The so caUed "genus band" is 
slightly lees anodal in B. 6own then in any other species (Biavati et 
al., 1982). 

Interpeptide bridge of the cell waU peptidogiycan is Lys-D-Ser-D- 
GIu; it differs from that of the closely related species B. thermophOum 
which is Orn(Ly8*)-D-GIu. 

The mol9^ G -^ C of the DNA is 60,0 ± 0,2 iT„), 

Type strain: ATCC 27917 (RU917 from bovine rumen. Scardovi et 
al., 1979). 

Comments. The practical distincUon of B, bourn from B. thermo- 
plulum and B. choennum which are often found in the same ecological 
niches, can be achieved with transaidolase electrophoresis or with 
PAGE protebs electrophoresis (see Comments under B. choerinumh 

17. Bifidobacterium magnum Scardovi and Zani 1974, 31.^ 
mag'num L. adj. magnus large, great. 

Cells grown in TPY agar are usually characteristicallv long and 
thjck, with irregular contours, measuring 2 X 10-20 itm and occurring 
frequently in aggregates (Fig. 15.97Z)). 

Anaerobic, COj without effect on O5 sensitivity or anaerobic growth. 

Sparse growth in TPY medium not containing Tween 80, as Tween 
80 is highly stimulatory (Scardovi and Zani, 1974). 

The unique acidophilic species of the genus. Its original optimum pH 
for growth IS 5.3-5.5; growth Is retarded at 6.0 or at 5.9; no growth 
(after 2 days) at *l.2 or 7.0. 

Fructo.se.biaphoaphote aldolase present in cell-free extracts (4-5 
mU/mg of proteinal; NADP^-dependent glucose-e-phosphate dehydro- 
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venose demonstnible. Aldolase apot-stainable on electrophoresis (Scar- 

'lheto:5:.t1;irB.7 (transaldolase and^BPCD types resp.) . 

• nmon' blHdobacteriB (Scardovi at al., 1979al. 
"TaGE proteins patca^ 
nt fhG eerjus (Biavati et al., 1982). 

DNA unrelated to that of other species of the genus. 

P ,„nd in the «bbiu 

Znni, 1974). , _it,^„of 5. „05„wTt should not bs based solely 
unSuBuf iS E^^^^^^ Fermentation of lactose 

°nd Sterrare usS in diffarentiatin, B. magn.m f«« the "antaal 
and steccn are ^^^^^^^ 3 pseu(totonswn, 

^1. K u„ f=™^ 'nentoses). as B. magnum ferments lactose but not 
(which ''^^.^'''T^'^ZTbS^^ these sugars or 

18. Bifidobacterium pullonw. TrovatelU. CroclanJ, PedinotU and 

n.3C a chicken; L. pi. gen. n. pullorumjf clucken. 
Calls «Own n TPY agar stabs are sUgbtly curved. 2-8 pm long, ^th 
»-™«d anrmostiy arranged la irregular chains often of great length 
S?ri6"?5 "B frequently poorly refractUe and appear to be 

emntv or vacuolized. Branchings are rare. 
ASe«bL! CO, without effect on 0, aeneitivity or rT^^Z^I^ 
Jequte nicotic acid, pyridoxine. thiamin fohc acid, p-ammoben- 
,n5r actd and Tween BO for satisfactory growth. _ 
'"Fx^Cto^biSoHphate aldolase present in caU-frea e^-cts m ^n^ 
sidewble amoiits (20-30 mU/mg protews). As with most B. dcnto^ 
sSK neuLer 6PGD (NADP^ or NAD* dependent) not sJucose-B-P- 

other fpeciea of the genus, the isomenc ^ of 
'"-SetiST' C Sf^he DNA is 67.4 0.4 (TJ, the highest value 
t JS^Sttbat of any of the other species. 
J;;.St^1S^86 (Pl4a from feces of chicken. Trovatelli et 

Ccmlts. Morphology is of h^V* »/r^£^Vn'£ j"^^^ 
;f ««« Pflsilv distineuiahed from the animal species oi 

the fermantative characters (Table 15.65). 

19. Bifidobacterium suis Matteuzzi, Crociani. Zani and Trovatelli 
1971,393,'^ . . . 

influenced bv urea or organic nitrogen aources/. ritty pc. 

rai:rstJdtedshare.vith\percentofstrainsfl^to^^^^^^^^^ 
the isozyme electrophoretic pattern transoldolase 6 '^^^J^^^;^. 
others isplav a pattern (5-B) which is common in B. to^flu-nJ^SMrtovi 
et airs pIgE proteins pattern is quite distinct from that of the 
other species of the genus (Biavati et al., 1982). 

The mol% G + C of DNA is 62 (T„). 



Unrelated in DNA homology to any other speaea of the genns. 
So far. found only in the feces of piglata. 

Type ittnxin: ATCC 27533 (SuB58 from feces of pig. Mateuza et aL 

'"commonte. B. suis can be distinguished readily from other bmd 
spSTs commonly found in the pig. '"^^ ^. glolmm, B pM^ 
Turn. B. th^rmophUum, B. team and B. ctonmim °» of 
fermentative characters: the last thr^e species do »»tfw^"*«"j^°^ 
and xylose whereas B. su« does; tbs R«t hvo ferment «»«h «bereas 
B. ,uis does not (see Tables 1S.S1 and 16.64; Zam at aL. 1974). 

20. Bifidobacterium minimum Biavati, Scwdovl and Moore^' 
3BS This taxon was previously described and referred to as mmi- 
i"5NA homology ^oup.andcon.lrtaatp«««^^^^ 
isolated from sewage (Scardovi and TrovatelU, 1974). 

min' i.mum. L. adj., least; rmimum the least 

Cells gro^vn in TPY agar stabs are '^'^^^'fl^'T^J^i! 
X 1.3-1.5 Mm) with tapered ends; sometimes .rragolarW ''""'^^J^*^ 
X53nF). This morphology resembles that B. osteroi^ft but stax-bka 
ag-regates, characteristic for that species, are absent here. 
Anaerobic. CO, withouteffecton 0, sensitivity or anaerohcptwai. 

SuSs fermented include glucose, ftuctose; sucrose, maltose an<^. . 

"^^t mterpaptide bridge of the call waU peptldoglycan is lo^s^r. . 

"t^l^To^TeStrsr^oda^ form of transaldolase arnong bi^- ' 
bacSa'wo. 10. te. migrating e6 whereas the most a^oda, .o^e. 
No. 1. In B. canieuli, migrates 100) (Scardovi et aL, ™. 
• Aldolase and glucose-G-phosphata dehydrogenase not detected. 
Distinct PAGE proteins patUm. _ 
DNA unrelated to that of any other species of the genus. 
Found until now in a single specuoen of waste water. 
Themol»0 + CoftheDNAis61i(T„). . e .nd 
JSe , trola- ATCC 27638 (F392 &o» waste water. Scardovi aad 
TrovatelU. 1974). 

91 BlfidobBctorium subtUe Biavati, Scardovi and Moore 1982 
36-TW?Ln was previously described and ^^^-'^'J^J^X 
DNA homology group and includes five strams isolated ftom sewage 
(Scardovi and TrovatelU, 1974). 
8ub'tUe.L.a4i. slender, subtfte the slender 

.^SToSreSL^sr^^^^^ • 

'IS^ferment^d are similar to ^'^ ,^^Z''^f^y L'bI^^ 
unlike B. breve, lactose is notfermented (Table 18.55); also B. subtile 
ferments starch and gluconate whereas A ireuc does not 

Possesses high levels (10-15 mU/mg proteiiB, in strain F396) of 
NiDp'-NADMeperident glucose^^hosphate dehydrogenase but al- 

'trts^Wdrand^GD isoxvmesare aiongthe most anodal inthe 
hi JdorSnumber 3 and 2. respectively); thU 3-2 pattern occurs 
only in this species (Scardovi etaL, 1979a). 
distinct PAGE proteins pattern. j,.^ v„„ detected in cell- 

Both human and animal types ofFGPPR have oeen obi. 
tree extracts (Scardovi and Trovatelli. 1974). 
Unrelated bv DNA homology to any other spaces of the genus. 
The molTS (j + C of the DNA is 65.6 (T.). 
A, vet isolated onlv from two specimens of waste woteK. 
?;.pc ATCC 27537 (F395 from waste water. Scardov, and 

Trovatelli, 1074). 
22. Bifidobacterium coryneforme (es Scardovi and Trovatelli. 
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IBM) B.«vDti Scardov, and Moore. 19S2. ZQS."" B if idoboctc Hut. cory. 
/i??or/ii« Scardov. end Trovatelli (1969) was not included in tlje Ad- 
proved L«U (1980). On the basi., of ita different electrophor.^c pattt 

ofcellularprotems nnd the previousi.vconf1rn,ed differential cl,n«cte« 
Its revival was proposed (Biavati et aL, igs' ) 

co.ry.ne.for'Be. Gr. n coo-ne a club; L. n. forma shape, form; M.L. 
aij. coo-neformu club shaped. 

The strains assigned to this species had been isolated oeeasionally 
from the intestine of honey bee Aph mellifem subsp. meUifen and 
subsp. ema. and received from Germany (Bayem). Norway (BU- 
lingslad), England (Buclcfast) and Bulgaria. 

The strains grow poorly in TPY medium but profusely in MRS 
medium Cells grown in-MRS agar stabs are abort (1.1.6 Mm Lg) often 
anceolate.s.ngle pr .n pairs, aonjetimas with short branchings or simple 
knobs (Fig. 15.98C). Radial groupings of cells are very rare fnd fS 
under e-^ctreme conditions of growth {Scardovi and Trovatelli, 1969) 

in^rn r ^^""^"^ ""der 9095 air + 

10,0 CO,. CO, does not influence anaerobic growth either on solid or 
in liquid medium. 

pr^nt'" ^'""'^ ^ dehydrogenases 

, -^ransaldolase and 8PGD isozymes pattern (6-6) is shared by some 

^,)Zl °LZ^'^'^ "T""' °f O-Phosphoglyceral- 

Wehyde dehydrogenase) are distinct (Scardovl et al.. 1979a) and the 
lUt, proteins pattern is distinct (Biavati et al.. 1982) 
Unrelated by DNA homology to any other species of the genus except 

Type strain:' ATCC 25911 (0215 from intestine of Apis meUifera 
subsp. coucMica from Norway (Scardovi and TrovatelU. 1969)). 



A total of 85 strains of very different geographical origins were 
examined electa.phoreUcalIy for the content of isozymes of tmnsaldo- 
lase and 6PGD: at least eight transaldolases and nine 6PDG we™ 
detected, each strain e:chibiting only one bond for each allgxyme B 
os/ero,rfe« posesses the least mobile variant of 6PGD (Uo^e 13 moves 

moves 100) Scardovl et al., 1979a). 

Or224 strains of this species tested for the presence of plasmids. 74 
contained a large variety of extrachromcsomal elements of diverse 
molecular weights ranging from 1.2 to 22 MDa (Sgorbatl et aL. 1982)- 
the fiinctions coded for by these plasmids are still unknown. 

h;r?H f 'V "it 3f° '''>"'<'l''8''"^ to DNA from 3. indicum, another 
bifid found in the honey bee. Une:cpBctedly there is 5095 homology to 
B. chaennum, a bifid &om piglet, otheiwise the DNA is umelatel to 
any other species of the genus. »""wa lo 

Found normally in the intesttae of western honey bees; occssionaUy 
found in the hmd-gut of Apis cerona. an asiatic honey bee. 

The moia G + C of the DNA is £9 (TJ 

Type 'train: ATCC 25.910 (C5l from intestine of A mefl^m var. 
Iiswshca bom Italy (ScardoW and Trovatelli, 19B9)). ■ 



^23. Bifidobacterium asteroides Scardovf and Trovatelli 1969, 
as.te.roi'dBa. Gr, atb*. osterojyee starlilce 

CelJs pown in TPy agar stabs are 2-2.5 ^ long, generally in pairs 
wuh pomted ends and sUghtly curved; usually in radial disposZn 
Trn Sffi""""" ""^ J'o'd-fct material (Fig. 15.984). Nutritional 
II ™l 1 f ""^f" ^"ears, may induce clavate 

or spetulate cells with occasional swellings, irregular or croas^lUte 
branchmgs in the, central part of the cell body 
ia2ti?.r "?"'"' ^^oth convex, with entire edge; consistency 

tiSd'c" '"^ "^'^ ■ 

•■ , is required for gTo^vth in all media including stabs 
««>bic growth occurs on slopes only if air is enriched with 1055 CO,, 
hiofin .r*"' Pf"'?*j^^"«t^- ni-^ottaie acid, pyridoxine. thiamin and 
c2Ln /T' f°^continued growth in a Bacto Vitamin Free 
WsamiDo Acids-containing substrate (Scardovi and Trovatelli, 1BB9) 

i-^cT^nl " = 1^°^^ 21-C or at 

42 C (after 7 days incubation). 

HsOj is decomposed vigorously by cells grown in 909i air + 10% CO, 

^^e c^^^^^^^^^^^^^ or the .owth 

Fnictose-bisphosphate aldolase is not detected in cell-free extracts 

bntk^l «^'p fi'^^^"''^ ''^^ suspensions; ceJI-ftee extracts possess 
both the HMP dehydrogenases NADP^-dependent 



24. Bindobacterium indicum Scardovi and Trovatelli 1969, 84.^ 
in'di cum. MX. neut. adj. indicum torn specmc epithet of bee ilpw 

Cells grown in TPY agar stabs are generally short, in pairs, often in 
angular disposition, more or less globular, aoraetiiaefi suggesting a 
minute morphoyar of B. giobosum (Fig. 15.9afl}: other strains have 
slender and longer cells; star-like clustere of ceUs never occur Cells 
grown on gluconate are extremely small and regular in shape fSmrbati 
et al., 1970). * 

Colonies do not have the consistency of those of fl. asteroides. 

Growth in Uquid media does not adhere to the walla; the cells 
sediment very slowly. 

Oxygen tolerance ehuilarto that o£A astenides. CO, ia required for 
aerobic growth, whereas for anaerobic growth the effect of CO, is 
equivocal. 

HjOj is decomposed only by cells grown in 90% air + 10% CO, in 
the presence of hemin. 

Celi-free ejctracts are fructoae-big)hosphate aldolaae-negative, but 
possess the Hr^^^^^^^ fi^«"«-6-P dehydrogenase is both 

NADP . and NAD+^dependent, whereas only NADP* is effective in 6- 
phosphogluconate dehydrogenation (Scardovi and Trovatelli. 1969). 

A total of 122 strains from different sources (Malaysia. Japan. 
PhiUppmes) were examined for their transaldolase and 6PGD ^o- 
grams: starch gel electrophoresis showed the presence of isozymes Nos 
4 and 7. respectively. Most strains isolated from A dorsata possess a 
transaldolase isozyme different (number 7) from that found in strains 
isolated from A cerana (A, indico) (number 9} (Scardovl et ai., 1979a). 

Of a total of lOG strains surveyed for the presence of plasmids, 73 
were found to harbor extrachromosomaj elements; 67% of these strains 
had a 22 MDa plasmid while 33% showed a two-banded pattern at ^> 0 
and 3.5 MDa (Sgorbati et al. I9fi2). The cellular ftinctions coded for 
by these plasmids are etilJ uolmown. 
Unrelated by DNA homology to any other species of the genus. 
The moi% G + C of the DNA is 60 {T„). 

TVpe strain: ATCC 25912 (0410 from intestine of ^pis cernna {A 
uidica) from Malaysia (Scardovi and Trovatelli, 1969)).. 
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